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Chairman's Forward

It is with great pleasure that I welcome you on behalf of the Ada* Software
Engineering Education and Training (ASEET) Team to the Second Annual ASEET
Symposium. We hope the symposium provides you the opportunity to acquaint yourself
with some of the education and training materials available within the Ada community. R Ve,
This year we have both an academic and industry track. We're certain the information you ey ‘~‘:;-"~""- "'*
obtain here will be extremely beneficial to you and your organization. There's a lot to learn RO A 'v{:‘
from us as well as other people already established in academia and industry. Take this DI Nt
opportunity to converse with each other and exchange as many ideas as you can. We hope ,._‘-3& Pty
you have a great week in Dallas. - i

Major Doug Samuels, USAF g*‘;.:\f‘\f.*-‘._ vy
Chair, ASEET Team ,@kﬁﬁ
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*Ada is a registered trademark of the U.S. Government, Ada Joint Program Office
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ABSTRACT
J :
>
. . o e, .
This paper details the management process used to initiate development of an Ada 7.
training program. An overview of the various issues involved is followed by a "
¥
description of the implementation procedure. The setting is a training department in ;
‘ a commercial environment. The existing staff have various technical, teaching, and ¥
A course development skills but no Ada experience. One consideration is whether to hire
§ an Ada expert from outside or develop Ada expertise from within. Another concern is -
~
! how to determine goals and objectives for the Ada training program. A discussion of -~
the different training materials to be developed is coupled with a description of the 3
RS
methods used for obtaining necessary resources. Finally, means of evaluating the o
' quality of training are discussed. «f,/_,( o S / o ,,/ ; L ry
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I would like to thank the ASEET Symposium Committee for giving me the opportunity . ';
to present to you, the Ada Programming Language training community, a description ¥
of the process I used to implement an Ada training program. "2
X
Background .‘::::
Lt
Let me first give you a feel for my background and the environment in which I work. 1 Al
am the Manager of Software Training for Harris Computer Systems, a 2 billion dollar {
a year information processing, communications, and electronics corporation. The o
Computer Division of Harris specializes in the manufacture and assembly of supermini .
computer systems for a broad customer base in the engineering, scientific, educational. o
and aerospace industries. ,‘
The Education Center functions as an autonomous unit within Harris and operates as Y
a separate profit center. We are staffed with both software and hardware instructors ;.s
whose backgrounds include education, the military, academia. engincering. and ,~.
application programming environments. As the Software Manager of our Education L::

Center, I oversee the development and delivery of training courses designed to handle
the educational needs of our customers and internal Harris emplovees. My N

background includes a Master of Science degree and published research papers in the -
Social Sciences combined with 10 years of working experience in the computer oo
industry. -
K
Harris, in 1984, began developing Ada on its computer systems as a result of the 20
perceived needs of our aerospace and defense customers. [ found myself tasked with <
preparing an Ada training curriculum to support our product. As we went through N
the development of our Ada training program, a number of issues had to be addressed Wy
and key management decisions had to be made. These included: .
o Finding Ada Expertise .
o Setting Goals and Objectives for the Ada Training Program ‘;,

. . \

¢ Determining the Number and Length of the Courses iy
o)

¢ Producing the Necessary Training Materials

¢ Judging the Quality of our Ada Training e
Finding Ada Expertise "
N
Our first problem was locating Ada expertise. The Harris Ada Product Nanagement
team consisted of Ada marketing experts, and our Software Development staff had a -
number of Ada syntax experts, but nowhere did we have a true Ada practical coding o
expert - someone who had spent several years generating extensive Ada code in an
. . o
applied environment. o

The issue became, do we hire an Ada technical expert from ontside of our company or




develop the expertise from within our training organization” Hiring an Ada expert
would allow us to hegin course development almost immediately, while developing our
own Ada expert would be a lengthy process. Back in 1981, we quickly realized that
true Ada experts with vears of industry expericnce were few and far between, NMost
" " » .
Ada “experts” of the time were really Ada svntax experts, and they would have been
expensive to hire. Further, just beeause they were Ada experts was no guarantee that
they would be Ada educational experts who could successfully develop and deliver Ada

training courses,

We reached the decision to develop our own Ada expert. As much as we wanted to
deliver Ada training as soon as possible, we realized that the best approach was a
more cautious path of development. As a training organization for o nnnfacturer of
computer hardware and Ada software, more than just sales of future training hinge on
our suceess,  The quality of our teaining directly reflects upon the quality of our
hardware and software products. We had to develop our Ada training program as
part of an overall responsibility of serviee to an existing customer bhase,

Within our Education Center we had a complete statl of instroetors with proven
programming and educational knowledwe. We had an Ada Product Management team
who could steer our course development and 4 Software Development team to provide
us with technieal cubdance.  AS managzement, we were willing to take one of onr
instructors and have him devote months of background researveh and progiamming in
Adu prior to beainuing the development of Gur st Ada conrse,

Setting Goals and Objectives

Our next challenge was to determine the direetion our Ada training <should take,
Fortunatelv, Joe Dangertield, Viee Chuairperson of Ada UG serves as Harris” Produet
Manager for Adac We tarned to bim for auidanee on setting the gonds and objeetives
for one Ada training procram. Joe reviewed onr conrse ontlines and materials and woas
the initiad ~steering foree hehine b our b course development.,

Onee we started delivering Ada reainine, we beeame directly inveved with the users of
Adus ael we srarted relving on themn o gaide s oo wlhoo they necded to ko,
Recentlve we hive becan developmient of a0 peer review reoationsbip with an wendenie
institution hesvily dnvobved with b inpdeentoion vl b b Teso s W e
providing them with copies S oo teadning nederiads, oned they e i us opitiend

feedbaek allowing o~ v insure tlodt e tedning procrons oot~ b A ke

COTINTNITY .

Determining the Number and Length of the Courses

Our nest decision v ooerae b w0 s R A S -
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& HARRIS Education Center

cost (both in time and dollars) to the student. Given that we operate in a vocational
setting, we realize that our customers are limited in the amount of time they can
dedicate for their employees to attend training classes. To minimize our customers’
financial expenditures, we decided to cover as much information as possible in the
least amount of time. To do this we had to make an important assumption.

We assumed that our students would be programmers experienced in a high level
language and thus should be familiar with software engineering principles. With that
as a prerequisite to our first Ada course, instead of preparing a scparate introduction
to software engineering principles, we integrated this discussion into our presentation
of programming within Ada.

Rather than cover all the features of Ada in one course, we decided to create separate
courses for the introductory and advanced topics. Further, we wanted to separate the
Harris-specific implementation of Ada from the more general programming features.
Finally, we saw the need for an advanced workshop to provide students with an
environment for extensive exploration of specialized programming applications, the
large-scale production of maintainable code, and the life cycle support of Ada
software.

The result of these decisions is a 4-course curriculum. Our first course is a 1-week
Introduction to the Ada Programming Language. This is followed by a 1-week
Advanced Ada course. A 3-day course is provided for those interested in the Harris
Ada Programming Support Environment (HAPSE®), and our most advanced course is
a l-week Ada Programming Workshop.

Producing the Necessary Training Materials

The key educational tool to support our live lecture delivery of information is the
Student Guide. Produced as a learning tool, as opposed to a reference document, the
design of this guide follows adult learning concepts. Information is presented in a
manner that facilitates learning.

Lectures are followed by laboratory sessions designed to reinforce, in a practical
setting, the theoretical subject matter. Students are given exercises of increasing
difficulty, and those who finish a lab ahead of schedule are given optional exercises to
complete. Since approximately 5070 of each course is spent in the lab, equal emphasis
was placed on student exercise development and student guide creation.

Technical documentation is provided through use of the Ada Programming Language

% HAPSE 13 a trademark of Harris Corporation.
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Reference Manual (ANSI/MIL-STD-1815A). Additionally, each student is given a copy '
of Grady Booch’s, Software Engineering With Ada. From this text, the instructor d
suggests supplemental readings to complement in-class presentations. "‘.
v

Every course contains a companion guide for the instructor to accompany the student ::::
guide. This Instructor Guide promotes consistency across course presentations. It is it
also used by instructors preparing to teach a course for the first time. Besides bt
pointing out important topics for discussion, the Instructor Guide contains preparation 5
notes, optional activities, cross-references between the Student Guide and technical :
documentation, and solutions to student exercises. ::::
'{!‘

)

Judging the Quality of our Ada Training Wy
One means of determining effectiveness of training is through the measurement of ::.‘
student progress. Instructors evaluate practical knowledge through the student’s i
performance on laboratory exercises, while gains in conceptual knowledge are "‘;ﬁ
measured through in-class testing. w

¥
1)

Y

More importantly, we rely on student feedback as an important method of judging the i
quality of our training. At the conclusion of each course, students are asked to \_‘,'::
evaluate the training on a number of dimensions, including quality of the instructor, ;‘
the course materials, and the learning environment. Our course critique form }:

combines numerical ratings with open-ended items. Students are encouraged to
suggest additional topics for discussion and changes in course content or emphasis.

cxx

We have been delivering Ada training both domestically and internationally for more
than two years. Our students have included both users of Harris computers as well as
those needing Ada training on other, non-Harris, equipment. With this diversity of
experience, we have received feedback from customers in a wide variety of
applications.

B K EE LY

CEXEL

‘,'I

-
‘* :
wrd LIS

Members of our Ada Software Development team have taken our courses and have
given us technical guidance. Additionally, many of our field analyst force and our Ada
Product Marketing team have been through our Ada curriculum and have provided us
with suggested changes to meet customer neceds.

x

Our relationships with those in academia working at the forefront of Ada continue to
provide us with a critical external peer review of our Ada curriculum. Although our O
instruction is based in a vocational setting, it is important to us to maintain an
academic standard of excellence.
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At Harris, we have found that development of an Ada training program is an ongoing
process. As educators of Ada, we must keep current with the latest technological
advances and be responsive to the changing nceds of our customers.
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The SEI Ada Training Guide: Status and Motivation

Priscilla J. Fowler
John H. Maher, Jr.
Software Engineering Institute
Camegie Melion University
Pittsburgh, Pennsylivania
April 30, 1987

Abstract: The Ada' Training Guide is a project of the Software Engineering Institute's
Training and Transition Methods Program. The Ada Training Guide will facilitate the
transitioning of Ada by giving direction for the selection and evaluation of training in Ada
and related topics. The first version of the guide is targeted for System Program Offices
(SPOs), where management as well as technical staff must have training in Ada and its
implications. Later versions will add material for software project managers, training
managers, and software engineering practitioners. The guide will serve as a prototype
for future guides addressing training in other software engineering topics, and is designed
to complement related activities of the Ada Joint Program Office.

This paper describes the proposed guide and the impetus and process for its creation.

The Need for the Ada Training Guide

A Look At Ada Transition Work To Date

Getting Ada into routine use requires major training and education efforts. It also requires a
massive technology transition effort to address both the technological and the human changes
which are required. Considerable effort has been expended over the last several years to ad-
dress the technological aspects of Ada, including compilers, environments, and demonstration
projects. Significant effort has also been spent in dealing with the need for Ada training and
education, and the need for information about Ada resources. The Ada Joint Program Office in
particular has sponsored many substantial efforts, including the Ada Information Clearinghouse,
the the Catalog of Resources for Education in Ada and Software Engineering (CREASE) [5],
and the Ada Software Engineering Education and Training (ASEET) Team [3). The broad train-
ing needs assessment by the Commission of the European Communities (CEC) [7], completed
in 1984, is also worthy of note.

'Ada is a registered trademark of the U.S. Government, Ada Joint Program Office

This work was sponsored by the Department of Defense.
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These efforts are to be commended as a major step towards effecting Ada transition. There is '
now broad awareness of Ada at all levels, as well as an understanding of curriculum needs for
software practitioners who will use Ada. ,
)
What is needed next is work to assist specific organizations in using Ada in specific projects 54
[11.12). That is, what is needed is technology transition skills within each organization -
[4, 9, 10, 15, 16] which will adopt Ada, whether by choice or by mandate. Each organization
which will use Ada must be able to select appropriate training, and plan effective Ada insertion .
strategy without the help of experts. '.‘;E
-
Training as an Ada Insertion Mechanism ;"'
in order for Ada to become broadly integrated into the MCCR software community, software 3
practitioners skilled in the use of Ada must be readily available. Training courses must therefore 2
also be available. In addition, training which is available must be carefully selected if it is to ']
serve to facilitate adoption of Ada by an organization, and not just enhance individual skill sets. :',':
4
Y
To date, Ada curricula [S] have offered generic solutions to the question of who needs what “
skills. Usually they have targeted typical job categories within software development projects. A
And while the study by the CEC has attended to the training needs of managers, commercial ,,;;
offerings of Ada courses often omit managers or provide them with inappropriate content or b; ‘
educational approach. N ‘
Useful Ada curriculum design must address all affected populations. Practitioners and their 7
project managers make up the first of these. Officers and executives who manage groups of 4
projects, or who make major policy or resource decisions are a second important group. And Y
finally, program office personnel, who more and more frequently are working on contracts in- N 4
volving Ada, make up a third, and very key, group. Without support from management
{14, 16] and technology transition partners such as program office personnel, training of prac- x
titioners will be of limited value, since they will not be able to use what they have learned. ﬁ‘;’
P
.J'\ .
The Ada Research Centers proposed by ASEET may be able to address curriculum design and N
N development needs for all these groups in the future. In the meantime, the best strategy is to A
select judiciously from courses already available. It is rare that the person most familiar with 2
technology such as Ada also has education and training skills. Thus the rationale behind the a',:" )
Ada Training Guide is to provide useful procedures, based on sound educational principles :.;:;.
{2, 13], for the selection and evaluation of Ada training, where expertise in training and educa- -‘;\ ‘
tion is not readily available. A
:‘;x'
S
. ~N
Content of the Guide P
jo%, 0%
The Ada Training Guide will contain four sections. The first section will provide procedures for .’*-';.:n
Ada training needs assessments. The second will suggest approaches to selecting training. R
T
N
359
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b
The third will review useful evaluation procedures. And the fourth will discuss strategies for Ada ,;:sj
technology insertion. Each of the sections is described briefly below. =
3
Training Needs Assessments N
B
Instructional designers know that good training is wasted on students whose training needs :::
don't match the ones for which the course was designed. For instance, an Ada course for o,
programmers who are already familiar with Pascal will be quite different from one designed for 3
Fortran programmers. A course for project managers will not provide enough detail on Ada ‘3‘
packages and generics for a designer, and will discuss topics, such as Ada's impact on cost {
estimation methods, which do not interest a designer at all. It is therefore extremely important :‘
to determine, before a course is acquired or developed, what potential students’ needs are for .t'.f
training. .
Questions such as these can help define student types: g_ \
F
1. What groups (categories) of people in your organization need to be trained? ;: ‘
N
2. At what organization level? £
3. What educational background does each group have? M
4. What experience does each group have? ;
5. What are the major job functions in each group? B
6. What are the supporting/interfacing job functions in each group?
7. How critical are the decisions made by people in this job function?
8. How critical is the work performed by people in this job function? "::
y 9. In each case, how will Ada impact the job function? %!
; 10. In each case, what categories of information must the job holder know about Ada? E .;
' .\ \]
The above questions can help determine appropriate training content. Other factors, such as
g numbers of students needing the training, and frequency of that need, must also be considered. ‘:f.
1 Training presented too early or too late may largely be wasted effort. Some examples of non- L
b content factors are: "-_;
' 1. An immediate need for training, versus ongoing training requirements )
X 2. Organizational issues, such as quality of management support N 1
. 3. Budget E::: ,
X 4. Policy, such as days per person allotted each year for training, and student selec- .
' tion criteria o
5. Location, including facilities needed such as classroom space, audio-visual equip- -
o ment. o
5 ‘ ‘-(
) g
X Training Selection o
.. «*
K Once needs for each student group have been collected and analyzed, these can be used as Y
- selection criteria. Sources such as CREASE [5], vendor brochures, and vendor demonstrations
. 3
: Y
» .,: j
) 30 Aprll 1987,13:41 :~_ !
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at conferences can provide course descriptions. Selection criteria can then be mapped onto
course descriptions, and more information gathered as necessary. When there are no matching
courses, the criteria can be used to prepare a draft specification for developing an original
course.

The Ada Training Guide will provide structured selection procedures and example sets of
criteria for some typical student groups. The CEC study [7] has an excellent set of descriptions
of student groups typical of software development organizations; the Ada Training Guide will
reuse as much of that as possible, and will add descriptions of other typical DoD MCCR student
groups, such as SPO personnel.

Training design and development is generally labor intensive as well as expensive. One hour of
class time -- lab session, lecture or exercise -- can take as much as 100 hours of course
development time [1). Since this is the case, the guide will provide references to materials use-
ful in specifying or planning for course development efforts.

Training Evaluation

Once a course has been selected, it must be evaluated. A good way to evaluate a course
before sending students to it is to check the experience of organizations who have already sent
students. Reputable training vendors will supply references. Even a brief telephone interview
with such a reference can elicit helpful information. The questions which follow can help struc-

ture the interview:

1. How many students has the reference sent to the course?

2. Was the background of those students comparable to that of your potential stu-
dents?

. How did the job performance of students change as a result of the training?
. Was the instructor knowledgeable? What was his or her background?
Was the course lively, involving, interesting?

. Were the materials provided easy to use, helpful?

. Were the visuals easy to read? Were copies provided?

. Was reference material such as an annotated bibliography provided?

. Have students used the reference material on the job? How?

10. Were there lab sessions? Describe these.

11. If this was a course for software engineers, were software tools used for "hands-
on" exercises? Will those tools be the same as or similar to tools you are using or
plan to use?

© 0O NV AW

It is also useful to ask questions of the training vendor. Some suggested topic areas are listed
here:

1. How many offerings of this course have you given?

2. To whom? Types of corporations or agencies sending students, and typical stu-
dent education and experience background should be described.
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rord
3. How are instructors trained, certified? r‘
4. Is the source of course content expertise the instructor or course developer? |f '
not, what source was used? ;::‘.*
5. What text is used? R
6. What data can you provide to show how effective the course is? :E::’:::'
0 ":
The evaluation procedures described above are adequate for course evaluation if only a small X
number of students will attend a course selected. If a large number will attend, or smaller "{_ !
groups will attend periodically, it is worth investing in actual course attendance as a final step in ‘:_w,-:-
evaluation. The student attending should be typical of the group that will eventually attend the '.j:"‘ (
course, and shouid be willing and able to comment on both content and, with guidance, on i
pedagogy. Making this initial effort is well worthwhile: spending tuition money and time away -
. . Fra?
from the job for one person is much cheaper than for ten people. o
Il
Strategies for Technology Insertion :N,
o
The best training will do little good if not placed in the context of an effective technology inser- ;
tion strategy [14, 16]. In the case of Ada, the DoD’'s many dissemination mechanisms have ‘
created awareness of the technology, and its mandates have created impetus to consider Ada B
adoption. However, it is helpful to understand how an organization should make plans to adopt N A3
Ada. If, prior to training, an Ada compiler and a set of support tools have been identified, and sty
focal design and coding standards defined, the training can be selected to match. If such is not e

the case, it is necessary to time the training for most students after these materials have been
prepared [8, 15].

“x

FErY Y 1

Y,

Thinking in terms of transition, with training as part of the effort, can lead to other helpful
strategies. For example, which student groups should be trained first? How soon can those
groups use their training? it may make sense to train managers and planners early in a project,
and train programmers only after software architecture is complete.

b ]

a
2’

The guide will suggest transition strategies, and provide some typical scenarios as examples.

e
o,

A J

y o

Design Philosophy Y
-\.

The design of the Ada Training Guide will be guided by these thoughts: ;:-:

A

1. The guide shouid be as succinct as possible, and organized to provide ready ac- {1
cess to information. The initial version will be paper-based. An alternate form of o

delivery, perhaps PC-based, is possible in the later versions. :.: by

oL

-',\ ')

R
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2. The guide should be written by a team, representing:

a. Ada expertise, as required by each typical student group
b. instructional system design and evaluation expertise
c. members of the targeted student groups |
d. software engineering expertise.

3. The guide should be tested by collaborative users, and revised accordingly.

: 4. The guide should be prototyped, that is, the initial version of the guide should be :
N directed to one student group. A '}
N Status and Initial Plans A
8 The SEI will provide both Ada and instructional design expertise. A System Program Office will . "
be sought as a collaborator to provide additional team members with both acquisition and Ada o

! development expertise. This team will work to produce a prototype version of the guide, with ,

, the initial users being program office personnel. ::;:
: These initial users have been selected because their training needs have not been addressed
d by typical Ada curricula. In addition, this group is a particularly influential group within the DoD, ;._

A able to influence Ada adoption in general, and Ada training in particular, especially among con-
tractors [6].

X The prototype will tell us how well the guide works. As we test the prototype, we can also
determine the answers to these important questions:

: s
NI

e Is our test group typical of all groups of that type?

» Must the guide be redone for each student group, or can we include all typical stu- el

dent groups in one guide? ﬁ:

\ ¢ Must the guide be domain-specific? That is, must it be provided in different ver- -',','.:
¢ sions for Ada for flight simulators versus Ada for missiles? oy

« How much effort is required to use the guide? What errors are avoided by the use '

i Of it? ‘;“:
! * Most importantly, are people’s training needs more precisely targeted and are t'-'.{
X courses selected more appropriately as a result of using the guide? Z-';.-
) -:.;‘

' References "
i 1. Advanced Technology. Nonpersonal Studies and Analysis Services for Assessment of New o
! Training Technologies. F41689-84-C-0012, Air Force Air Training Command, Washington, —"': !
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Ada* from a Management Perspective L
by "4
Major Charles B. Engle, Jr. v
& \
Lieutenant Anthony R. Dominice o
=
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v
There has been a great deal of debate as to whether or not Ada is the solution to the software '
crisis identified by the DoD in the middle 1970's. Ada's various features and its integrated
facilities make it tempting to argue that it is the panacea that many people would have you .
believe that it is. However, Ada is NOT the solution to the software crisis; Software RN
Engineering can make that claim. o~
N
Software Engineering is an engineering discipline that is still in its infancy. The very Y
principles upon which it is based are still subject to debate. In fact, a concise definition of the -5
term "Software Engineering” has not been generally agreed upon. The Software Engineering N
a Institute initially decided not to even try to define the term; instead they accepted the term as A
. "axiomatic." But while not everyone can agree on what software engineering really is, there are 3
' few that dispute its value or its potential. By applying time-tested engineering principles to the P
management and development of software, we gain the ability to make time-critical decisions, to .
develop monetary and time metrics, and to manage a software project trom its inception to its
' completion.
1)
$
' These ideas are not new; they have been around for at least 15 years. But our ability to use -
, these ideas, and the methods and principles which support them, has been restricted by our lack "
: of adequate tools. In particular, we lacked a tool with which we could realize our designs. .
. Traditional programming languages were just not well suited to the software engineering o
§ revolution because they forced us to translate our “clean” design concepts into a few rigid w7
. language structures. The result was an abstraction of our design which was itself an abstraction Ta
- of the problem. Thus, the tool which we used to solve the problem introduced added, A
by unnecessary complexity caused by the lack of expressitivity of the implementation language. ;;
, Ada is the programming language which was itself engineered to meet this need. Starting
! with a set of requirements, proceeding through several design iterations until it became an \
& ANSI standard, Ada was meant to be a TOOL with which we could directly implement the .:\
o software engineering principles and methodologies that we had already developed. This is not : '
X ;
) :} y
;‘; o
" . ";‘“-
4'; * Ada is a registered trademark of the U.S. Government, Ada Joint Program Office. N
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to say that Ada has any new or unique features; for the most part it doesn't. But Ada consists of
the best features from several different languages which have been integrated to provide the user
with a TOOL that is needed to implement software engineering.

In general, DoD software has certain charactenstics which can be summanzed as: 1) they
are large, 2) they are complex, 3) they are long-lived, 4) they have a high demand for reliability,
S) they have real-time constraints , and 6) they have size constraints [1]. In the past, the DoD
has suffered from certain factors which have adversely affected its software. Among these
' factors are : 1) ignorance of life-cycle implications, 2) lack of standards, 3) lack of
methodologies, 4) inadequate support tools, 5) poor software management, and 6) lack of K

B Sy 4

' trained software professionals [2,3]. ,
X ‘
The traditional approach to software was that it was a necessary evil which was required to A
make the hardware operate. Another approach was that it was a “"black art” which was done,
? but which decent people didn't talk about. Another traditional approach was to select some )
/ known gurus and magicians and place them in a dark room until they had developed what was "~
: needed. In all of these approaches, the DoD was forced to confront its fundamental problem: its 4
inability to manage the complexity of its software systems [4]. This was due in large measure & /

to its lack of a disciplined, engineenng approach.

The establishment and application of sound engineering, regardless of the field, 1s .
: predicated upon a hierarchy as outlined by Dr. Charles McKay [S]. First, the underlying I
concepts of the discipline must be identified. Principles are then developed which support the - :

concepts. From these principles, models are created. These models give nse to various N
methodologies, which then cause the development of standardized tools. Collectively, these >
tools become an environment upon which the practitioner can rely and in which he can gain .
X skill. When this environment is combined with standards, guidelines and practices. .
! computational products which are correct, modifiable, reliable, efficient, and understandable -
: throughout the life cycle of a system can be developed and supported. :'j
)

A programming language is a software engineering tool. It expresses and executes design
methodologies. The quality of a programming language for software engineering is determined <73

4 by how well it supports a design methodology and its underlying concepts, principles, and i’
‘ models. Traditional programming languages were not engineered when they were designed. -
They have lacked the ability to express good software engineenng concepts and have thus acted s
to constrain our use of software enginecring. Ada. however, was enginecred, and its nch set of A
constructs and features were integrated, to support sound software engineenng. The Ada
) language embodies the same concepts, principles. and models as software engineering and thus o~
X supports several methodologies. Ada is the best tool (programming language) for software oy
, engineenng currently available. o
1 ‘.'.
AN
Some of the generally recogmzed pnnciples of software engineering are 1) modulanty, 2) ;.
abstraction, 3) locahization, 4)information hiding, §) completeness. 6) confirmabihity. and 7) :
uniformity. For a complete discussion of these prninciples and their defimtions. the reader 1y ;
referred to Grady Booch's text, Software Engineenng with Ada (6] ’:,,.
: YA
¢ A listing of the major features of the Ada language. in no particular order. 1sv 1) N
standardization, 2) readability, 3) program units. 4) separate compilation. S) packages, 6) 3
o
o
BANY,
3
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strong typing, 7) typing structures, 8) data and operation abstraction, 9) tasking, 10) h{::
exceptions, and 11) generics [7]. An exhaustive examination of how each of these features of
Ada attacks a particular problem and/or supports sound software engineering would be too A
lengthy for this paper. Instead, we'll focus on a few of these features as examples of the strong ;‘w
support that Ada provides for software engineering. :"
Ada is an precise standard as defined in ANSI/MIL-STD-1815A [8]. It can have no subsets i
or supersets. Conformance to this standard is zealously guarded by the Ada Joint Program i
Office, whose main function is the promotion and use of Ada. Compliance is assured by the "‘
use of a trademark for the name Ada. In order to be able to use the trademark, compiler fj )
developers must pass a battery of programming tests called the Ada Compiler Validation Y
Capability. This standardization allows for portability and it promotes reusability. But perhaps
the most important result of standardization is that it shifts the focus of software from the /
mundane to the important. The programmer can concentrate on solving the problem, not on o
nuances of portability. o
Ada "programs” consist of several program units. Each of these program units consist of RS
two parts: a specification and a body. The specification defines the interface between program ::." u'
units; this is "what” the program unit does or can do. The body defines the implementation of e
the program unit; this is "how" the program unit does it. The clear separation of the "what"
from the "how" allows the programmer to channel his thoughts into the problem at hand. The W
programming system is designed with specifications and implemented with bodies. Atall tiines e
there is a clear distinction between architecture and implementation. a0
Separate compilation is another powerful feature of Ada. This capability is to be
differentiated from independent compilation allowed in other languages [9]. Separate -
, compilation allows the programmer to separately compile his program units, but guarantees and n
> enforces the interfaces across compilation units. Not only are program units separately by A
\ compilable, but the specification of any program unit is separately compilable from its body. In R,
: this manner, Ada realizes not only a logical distinction between architecture and implementation, \ ',tl
but a physical distinction as well! Separate compilation allows the development and testing of hes
independent software components, thereby encouraging us to reuse components and keep our =
investment. The human effort in software development need not be disposable any longer. X
Ny
Packages are the fundamental feature of Ada which allow for a change in mindset. Program o
units which are logically related can now be “packaged up" and be placed in one physical o]
space. This allows us to define and test reusable software components and resources.
Packages are an architecture-oriented feature. They place a wall around resources which can g
then be selectively exported to the user. They may contain local resources which are not made oy
available to the user. As such, packages directly support abstraction, information hiding, >
modularity and localization. o
N
Data abstraction is a powerful means of combining “raw material” to form higher level ".“
structures. There are various levels of abstraction. Each level enforces an abstraction on a "
higher level structure. Data abstraction extracts the essence of an idea without becoming A
concerned about the details of the implementation. In fact, a truly abstract data type requires the A
ability to prohibit the use of its implementation details by higher level structures. This promotes 2ad)
understandability by allowing the reader to focus on the idea and not the details. It also ,'.:
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{
promotes modifiability by preventing a using program from relying upon the details of &
implementation, so that changing the manner in which the data is represented cannot have any -
effect on the user's program. In Ada, data abstraction is provided by private types which ,.}
directly implement information hiding. I
Tasks are Ada program units which act in parallel with other program units. This allows the %
programmer to directly express parallel algorithms in a natural manner. It also takes advantage e
of the move toward parallel hardware architectures with their gains in fault tolerance and :
distributed systems. The ability to express parallel actions directly and naturally in the language i
reduces the additional complexity which would otherwise be required to express parallel actions C;“
in a sequential manner. byt
2
It must be recognized that in today's large, complex systems, errors will occur in both the 34
hardware and the software. Real time systems must be able to tolerate these errors and continue I~
to operate in a degraded mode. Traditional languages lack specific features for dealing with error X
situations, yet reliability and safety must be engineered into a programming system. e
Exceptional situations such as these are handled by another of Ada's constructs, the Exception T
Handler. Ada provides a facility to separate the exceptional situations from the normal ,',

: situations providing increased readability. When an exceptional situation, which need not
always be an error, occurs, Ada can trap the exception and either correct the problem in some
manner, or propagate it to the next higher level. By providing control over exceptional LN

N situations, Ada increases reliability and reduces complexity. ;s_n.
Ada also provides a generic facility. A generic is a tailorable template for a program unit. :‘
Generics are program units that may be "parameterized” by objects, types, or subprograms.
This allows us to increase software reusability by an order of magnitude. Generics reduce the .
size of the program text and increase the reliability of the system by allowing reuse of known o
reliable components. 3
e
In the software life cycle, Ada provides large gains in productivity. We shall briefly :-;_
examine some of the ways that Ada provides support for the software life cycle, but will not i
provide attempt to discuss each phase of the life cycle completely. by
o)
In the design phase, Ada features support most architectural design methodologies, such as :';_x
top-down, bottom-up, or some combination of these approaches. A design can be expressed NN
directly in Ada by using Ada as a Program Design Language (PDL). This allows us to enforce e
the design interfaces because of the use of a compilable PDL. Further, Ada features are rich T
enough that they reduce the need to squeeze the design into the meager features afforded by ,*\_,.
most programming 'anguages. Finally, Ada's standardization brings a much higher level of ;.«;:S
predictability because of the known semantic meaning of the Ada language itself and because of e,
the use of existing Ada software components. Reusability of Ada components also provides N
excellent support for rapid prototyping. N,
Ada is also helpful in the coding phase because its features insure that the original design is N
not violated. Additionally, the use of Ada as a PDL reduces the amount of coding activity. ;\:"
Readability of the Ada code also promotes greater productivity. ::
e
e,
:?:-‘
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In the component testing phase, Ada is extremely useful. The ability of Ada to support
separate components allows for more effective testing. Further, Ada's exception features allow
us to "build-in" testing facilities. A

b5

When we reach the system testing and integration phase, Ada has greatly reduced our 2o,
workload. The use of Ada as a PDL will have already enforced our interfaces, so these are Wy
necessarily correct. Thus, more effective time can be spent in testing the system as a whole, A
rather than fixing small integration errors.

The biggest payoff for the use of Ada, however, comes in the maintenance phase. The use /
of proper software engineering techniques throughout the design and implementation phases, e
combined with the readabliity of Ada, should reduce the overall maintenance costs significantly. NG
Time alone will tell the tale. hi

o

[This paper is a written form of the talk on this same on)
subject given by the authors in early December at the v
Pentagon and, privately, to the Under Secretary of the
Army.] byl
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COMPARING DESIGNS: b0
A METHODOLOGY FOR TEACHING SOFTWARE ENGINEERING -
AJ
Putnam P. Texel xkﬁ
TEXEL & COMPANY *%
h
Abstract: This paper describes an approach to ,ﬁ
teaching software engineering that was discovered A
quite accidentally and has proved to be an invaluable oy
pedagogical tool. The paper describes the approach Pl
and its use in seminars for management and software -
engineers. N,
1. INTRODUCTION s
This paper describes an approach that is used to train software o
engineering with Ada that has proved to be quite successful. )
The approach consists of a workshop centered on comparing A
multiple Ada designs designed to the same statement of W
requirements. The workshop has proved to be a valuable e
pedagogical tool in training software engineers. Because of L5
that success, a decision was made to "port" part of the exercise s
to a technical management seminar. The results were equally ;*
successful. 3£.
- l‘"
Section 2 describes the background of this work. Sections 3 s
through 8 describe the technical details or the workshop: h
Section 3 contains the Statement of Requirements; Sections 4 and ”ﬂ
6 contain two Ada designs, while 5 and 7 summarize the class ﬁ‘
evaluation of the designs with respect to the principles of s
software engineering; Section 8 shows how dependency diagrams @5
are a useful tool for presenting layers of abstraction. ~
Finally Section 9 describes the main benefit for management and g}
Section 10 implores those individuals currently involved in b
teaching software engineering with Ada to consider the inclusion N
of such workshops in future seminars. : :
2. BACKGROUND ’;ﬁ
[N
TEXEL & COMPANY is under contract to General Dynamics to provide o
a software engineering curriculum based on Ada*. A portion of Qﬁ
i the resulting curriculum is shown in Figure 1. Part of TEXEL & oo
! COMPANY's responsibility is to design, implement and test teach ﬁf

each course in the curriculum. During the design of the
Preliminary Design sequence it was apparent that simply talking

N

about the principles of software engineering would not provide R::
the proper level of understanding of Ada's support of these gﬁﬁ
principles. e
. 0
*Ada is a registered trademark of the US Government (AJPO) *‘
\ :::' ]
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2. BACKGROUND - Continued

Ironically the Coding Sequence had already been implemented and
test taught one time (at General Dynamics request). One
exercise in the Coding class is for small teams to implement an
adventure game [1). One of the implementations of the adventure
game was extremely poor, violating all the principles of
software engineering.

That design, along with 2 others that were somewhat better, were
included in the Preliminary Design course, along with a design
created by TEXEL & COMPANY. At the appropriate point in the
Preliminary Design course the class is divided into groups of 3
or 4 students. Each group is provided with a statement of
requirements and asked to evaluate the first design against the
principles of software engineering. The groups work
independently and are instructed to return in 1 hour. Each
group then presents their findings to the other groups. The
sequence is repeated for each of the remaining 3 designs. The
results are astounding.

< X,
A

>
1%

3. STATEMENT OF REQUIREMENTS

The statement of requirements that is distributed to the class
is shown in Figure 2. A simple adventure game is to be
designed. The goal of the exercise is not to develop the most
intricate adventure game, but to focus on the designs and their
adherence, or lack of adherence, to the principles of software
engineering. Bells and whistles can be easily added at a later
date if a "good" design exists for a simple adventure game.

4. DESIGN 1

The following paragraphs contain the elements of Design 1, the
first (and the worst) of the 4 designs in the Preliminary Design
class that the students evaluate. This is also the first design
that is distributed in the management seminar for evaluation.

The design consists of one package, Explore_Specs, with the main
routine, Explore_Driver, importing Explore_Specs.

27
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STATEMENT OF REQUIREMENTS

ADVENURE GAME

We are to design an adventure game.

Rooms:

The game shall consist of a minimum of five rooms that are
connected to each other to form a maze. Each wall may have
an exit to another room (or be blocked) and the game
consists of levels. A room may have an exit to a room in

an upper level or lower level, for a total of 6 possible
exits per room.

Points are associated with each room. The adventurer
accumulates these points when he enters the room for the
first time.

There is a message associated with each room. When the
adventurer enters the room for the first time the message
is displayed.

Treasures:

Each room may or may not have treasures that are associated
with the room. There must be a minimum of 4 treasures in
the game.

Each treasure is worth a certain number of points. As the
adventurer roams through the maze, he accumulates points
for each treasure acquired the first time the treasure is
acquired. The adventurer's point total is decremented if
the adventurer drops a treasure.

Commands:

The adventurer may drop and pick up items as he travels
through the maze. The adventurer may move from room to
room. The adventurer may want to display the contents of a
room and/or display current possessions.

Points:

The player to accumulate the most points wins the game or
the player that picks up a predetermined prize wins the
game.

Figure 2. Statement of Requirements
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Package Specification

package Explore_Specs is

type Wall_Enum is (n, s, e, w, u, d);
type Exit_Type is (None, Open, Closed, Locked):
type Item_Enum is (Weapons, Treasures, Keys, Misc);
type Backpack_Item_Enum_Type is array (1..10)
of Item_Enunm;
type Action_Type is (Take, Drop, Throw, None);
subtype Name_Subtype is String (1..10):
subtype Desc_Subtype is String (1..160);
type Item_Action is array (1..5) of Action_Type:;
type Monster_Type is (Norm, Gary, Parker);
type Backpack_Type is array (1..10) of Name_Subtype;
type Danger_Type is array (1..2) of Name_Subtype;
type Person is
record
Backpack : Backpack_Type;
Backpack_Item_Enum : Backpack_Item_Enum_Type;
Item_Count : Integer := 0;
end record;

type Wall_Type is
record
Wall_Exit : Exit_Type;
Next_Room : Integer;
end record;

type Item_Desc is

record
Name ¢+ Name_Subtype;
Action : Item_Action;
Lookup : Integer:

end record;

type Item_Type is array (1l..3) of Item_Desc;

type Room_Wall _Type is array (Wall_Enum) of Wall_Type;
type Room_Item_Type is array (Item_Enum) of Item_Type;

type Room_Type is

record
Wall : Room_Wall_Type;
Item : Room_Item_Type;
Description : Desc_Subtype;
Dangers : Danger_Type;

end record;

Player : Person;
Room : array (1..25) of Room_Type:
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4.1 Package Specification - Continued

—~=kkkkkkkkkkkkksubprogram declarations****xxx

function Length (Sentence : in String)

return Integer;
procedure Explore_Intro;
procedure Open_Door (Room_Indéx :Integer);
procedure Unlock_Door (Room_Index : Integer);
procedure Check_Move (Room_Index : in Integer;

Direction : in Wall_Enum;

(0) 4 : out Boolean);
procedure Describe (Room_Index : Integer):;
procedure Explore_Init;
procedure Take_Item (Room_Index : Integer):;
procedure Drop_Item (Room_Index : Integer):

end Explore_Specs;

4.2 Package Body

with Text_IO; use Text_IO;
package body Explore_Specs is

function Length (Séntence : in String)
return Integer is separate;
procedure Explore_Intro is separate;
procedure Open_Door (Room_Index :Integer)
is separate;
procedure Unlock_Door (Room_Index : Integer)
is separate;
procedure Check_Move (Room_Index : in Integer
Direction : in Wall_Enum;
OK : out Boolean)
is separate;
procedure Describe (Room_Index : Integer)
is separate;
procedure Explore_Init is separate;
procedure Take_Item (Room_Index : Integer)
is separate;
procedure Drop_Item (Room_Index : Integer)
is separate;

end Explore_Specs;
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4.3 Main Routine
with Text_IO; use Text_IO;
with Explore_Specs; use Explore_Specs:
procedure Explore_Driver is

~- type for commands

begin -- Explore_Driver

~- the gamne

end Explore_Driver;
5. EVALUATION OF DESIGN 1
Because it is impossible to replicate the entire class

discussion in a paper, only the high points are summarized
here.

5.1 Abstraction
Design 1 does not support abstraction very well. For example:

o one package supplies all game information,
there are no levels of abstraction
- all types are visible to the main routine
- all subprograms are visible to the main
routine

o poor choice of identifiers
- wall_enum instead of Direction_Type,
- n,s,e,w,u,d instead of north, south, etc

o no user defined exceptions to represent error
conditions that could be encountered by
Take_Item, Drop_Item, and so on

o Room_Index of type Integer is passed instead
of a room

o all boundaries are hard coded
, - Room : array (1..25) of Room_Type;
4 - type Danger_ Type...(l..2) of Name_SubType
: - type Backpack_Type...(1l..10) of Name_SubType

4% g
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5.2 Information Hiding

E

t

Design 1 does not support information hiding very well
either. Yes, the subprograms are declared in the package
specification and their implementation is deferred until the
body. However all types and subprograms are visible to the
main routine Explore_Driver. Finally both the player (Player
: Person;) and the game board (Room : array (1..25) of
Room_Type;) are contained in the Explore_Specs specification
and are therefore visible to the user of the package, thus

k subject to modification.

5.3 Modularity

What is clear is that the main package is far too large.
Goodenough defines modularity as "..purposeful
structuring”([5]. All groups agree that Design 1 does not
exhibit "purposeful structuring".

According to Constantine's [2] and Meyers [3] criteria for
evaluating design by examining modules and their
relationships, a package is not, and nor will it ever be, a
module [4], - neither are subprograms declared locally within
a declarative region (for example nested subprograms,
subprograms declared within a package body, and so on) [4].

One can examine each subprogram and determine its level of
coupling and cohesion but it is clear that the standard
criteria need to be re-examined with respect to Ada designs

(4].
5.4 Completeness

Design 1 is not complete because all components of the
abstraction are not present. Design 1 does not provide a
mechanism to accumulate points.

Design 1 does not satisfy the statement of requirements.

5.5 Confirmability

All groups agree that they simply would not know where to
begin to test this design. All groups state that they would
not let this design pass a Preliminary Design Review.

5.6 Localization

All groups report that logically related resources are
collected in the one package. All groups also report that

they "feel" that localization could be better but they are not
sure how. :

2
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5.6 Localization - Continued

Most groups report that the command type and the subprograms
that operate on a command (getting and executing the command)
do not belong with the main routine but the groups are not
quite sure what to do with these command resources.

5.7 Uniformity

There simply are too many inconsistencies in Design 1 that, in
addition to the lack of abstraction, lead to confusion. For

XX A

L4
example inconsistencies exist in the following areas: choice ﬂ
of names, parameter modes, and subprogram selection. Each of )
these is discussed below. Ae
-
5.7.1 Choice of Names X
[J
“
r
Type names range from those that are meaningful (Exit_Type) to ::
a name like Item_Enum. What is Item_Enum? ,:'
.‘

Type names range from those suffixed with _Type (Exit_Type) to .
those not suffixed with _Type (Person). Either suffix all )
types with _Type or do not suffix all types with _Type.

Abbreviations are not consistent. The use of "n,s,e,w,u, and
d" for directions instead of "north south, east", and so on is ‘
not consistent with use of Desc in Desc_SubType or Misc in

9
Item_Enum. N
N
5.7.2 Parameter Modes ..
‘e
. g ¥
I

The parameter mode in appears explicitly in one procedure
declaration (Check_Move) and is omitted in the rest, thereby
chosen by default.

5.7.3 Subprogram Selection

There are only two subprograms that return a value: Length
and Check_Move. One is a function and the other a procedure.
Why?

5.8 SUMMARY

All groups agree that Design 1 does not support the principles
of software engineering. A complete redesign is required.

6. DESIGN 2

The following design is the last (and the best) of the 4
designs that the Preliminary Design class evaluates. This
design is the second (and last) design that the management
class evaluates.

33




6.1 Command_Package Specification

package Command_Package is -
LY

type Command_Type is private; o

by

procedure Get {Command : out Command_Type) : :H

procedure Execute (Command : in Command_Type)

function Done return Boolean; "
A
Bad_Command : exception: o~
private o
type Command_Type is access String: o
end Command_Package: -~
6.2 Main Routine !
with Command_Package: use Command_Package: o
procedure Play_the_Game is "N
o
Command : Command_Type: )
begin -- Play_the_Game -
N
COMMAND_LOOP: Ry,
loop B9
Get (Command):; 3:
exit when Done; N
begin b
Execute (Command): =y
exception rn
when Bad_Command => Y
Put Line "("Invalid command";: RN
Put Line " ("Enter another”): “
end; )
end loop COMMAND_ LOOP: "
ol
end Play the Game; 2?
A
~
3
~ Wh
g
&

e O IR, ) _. ., el el

""f‘f' - ‘. - -‘I"-.\*-‘.a'-fv 'f..f-.f,‘f.f-“
) ) J

AL *,
> Oy WRTAE s T VW W



6.3 Command_Package Body g“

with Text_I10;: use Text_I0O; st

with Game_Package; use Game_Package; Ve
package body Command_Package is -ﬂ!
§
l'.‘l“
~-- Execute parses the command wh
procedure Parse (Command : in Command_Type: -
Verb : out Verb_SubType:; e
Noun : out Noun_SubType) Et'
is separate; w
‘-I'
procedure Get (Command : out Command_Type) A
is separate; i
procedure Execute (Command : in Command_Type) e,
is separate; il
function Done return Boolean is separate; . 5
'l
end Command_Package; X
6.3.1 Game_Package Specification o
I' (Y
package Game_Package is Hw
]
type Room_Names_Type is N

(Dungeon, Banquet_Hall, Kitchen,

Throne_Room, Bedroom, Bathroom, None);
type Words_Type is

(move, pick_up, drop, display, stop,

gold, diamonds, silver, Ada, game, >

room, my_status, north, east, south, N

west, up, down); >
subtype Verb_SubType is Words_Type

range move .. stop:; 3{
subtype Noun_SubT. e is Words_Type 4
range gold . down; o
subtype Treasures_SubType is Noun_SubType C’f
range gold .. Ada; ~
subtype Directions_SubType is Noun_SubType -
range north .. down: N
W
procedure Move (Where : in Directions_SubType) ; “}
procedure Pick_Up (Object : in Treasures_SubType): ;
procedure Drop (Object : in Treasures_SubType) -f
procedure Display (Room : in Room_Names Type):;
procedure Display Players_Status; -i:
"\
No Ex1t : exception: --raised by Move ‘ﬁf
No Object : exception: --raised by Pick Up or Drop N
end Game Package:
d -r\
s :f.:
Q;.\
5
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6.3.2 Game_Package Body A

with Text_IO; use Text_I0; %
package body Game_Package is

type Exits_Type is array Qf
(Directions_SubType) of Room_Names_Type; R
type Treasures_Info_Type is 5
record o
First_Time : Boolean := False; M
Points : Positive; ﬁ‘
end record; a;
Game_Treasures : Treasures_Info_Type; -
type Treasures_Set_Type is array [yt
(Treasures_SubType) of Treasures_Set_Type:; “k
"
Max_Points_per_Room : constant Postive := 50; bﬁ
type Rooms_Type is s
record =
Exits : Exits_Type; 4
Treasures : Treasures_Type; s
Points : Positive range 1..Max_Points_per Room; !
4 Message : String (1..40); %
end record; 3
type The_Game_Type is array A,
(Room_Names_Type) of Rooms_Type; by
The_Game : The_Game_Type: &y
Max_Points_per_Game : constant Positive := 500; .'
type Player_Type is o2
record At
Points : Positive range 1..Max_Points_per_ Game; A
Location : Room_Names_Type; o
Treasures : Treasures_Set_Type; :.'
end record; -
Player : Player_Type: -y,
l““:
procedure Initialize Game is separate; }h
procedure Display_Initial Greeting is separate; \ﬁl
he
procedure Move (Where : in Directions_SubType) ij
is separate; PN
procedure Pick _Up (Object : in Treasures_SubType) ot
is separate; i
procedure Drop (Object : in Treasures_SubType) :,
is separate; A
procedure Display (Room : in Room_Names_Type) %
is separate; v
procedure Display_Players_Status is separate; Qﬂb
begin -- Game_Package h;:f

Initialize_Game; g,
Display Initial_Greeting; y
end Game_Package; .




7. EVALUATION OF DESIGN 2
7.1 Abstraction

At the highest level of abstraction, an adventure game
consists of a player who sits at a terminal and repeatedly
enters commands and waits for the command to be executed. The
player quits when he is through or when he has achieved some
goal. At this level of abstraction knowledge of the legal
words of the game is not required.

At the next level of abstraction, we have a player who moves
from room to room picking up and dropping objects until some
predetermined prize is found or the player quits. The player
can optionally display a room contents or his own possessions.
At this level the legal words of the game and the legal
operations of the game must be defined so that Execute may
call the appropriate routine to execute a command. Note that
although the legal words of the game must now be declared, at
this level the game board and point scheme do not need to be
defined.

At the final level of abstraction, the maze, player and point
scheme must be defined.

Note that these levels are supported by the Command_Package,
Game_Package specification and Game_Package body respectively.
Design 2 exhibits good use of abstraction. The main routine
only has access to the Command_Package. The Command_Package
only has access to the Game_Package specification. Finally
the Game_Package body contains the game and the player.
Details are deferred until the last possible moment.

Note also that the remaining deficiencies of Design 1 have
been removed.

7.2 Information Hiding

Abstraction helps decide what to hide [5]. Because of proper
abstraction in this design, the details that are suppressed at
one level are hidden. For example the game itself is hidden
from the main routine; only the command package is visible to
the main routine. As another example of good information
hiding, the game (Game : Game_Type;) and the player (Player
Player_Type:) are declared in the Game_Package body and are
only accessible to the implementation of the routines that
repeatedly update the game and/or player status.

Design 2 exhibits good information hiding.
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7.3 Modularity

Although a package is not a module in the classic sense of the
word (see Section 5.3), commands are contained in a command
"module" and game information is contained in a game

"module®.

The subprograms provided are cleaner than in Design 1.

7.4 Completeness

All components of the abstraction are present (Is this
true?). A point system now exists. The design maps to the
statement of requirements.

Design 2 exhibits completeness.

7.5 Confirmability

At the highest level the command package can be tested. At
the second level the definition of the game can be tested. At
the third level the game itself can be tested.

Design 2 is confirmable in logical steps. Each level of
abstraction is readily testable.

7.6 Localization

The command and its logical operations are packaged in one
package, Command_Package. The description of the game is
contained in the Game_Package specification while the game
itself is implemented in the Game_Package body. Code that is
logically related is physically co-located.

Design 2 exhibits localization. The groups now see how to

implement what they intuitively felt was required, a better
localization of resources. The class learns that what was

needed was a better abstraction.
7.7 Uniformity

All the inconsistencies of Design 1 are gone. Design 2
exhibits uniformity because:

o naming conventions are employed
o abbreviations are not present
o parameter modes are explicitly stated for

all procedures, not for functions because
functions can have parameters of mode in only
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8.0 DEPENDENCY DIAGRAMS

As a final step, the class is shown the dependency diagrams
shown in Figure 3. A visual inspection of the diagrams for
the two designs clearly shows how the Game and the Player are
visible to the world in Design 1 (declared in Explore_Specs
specification) and how they have been suppressed to the third
level in Design 2 (declared in Game_Package body).

9.0 APPLICABILITY TO MANAGEMENT

The applicability of the pedagogical approach for software
engineers has been successfully demonstrated in this paper.
Because of its usefulness the exercise was refined for use in
the three (3) day Ada for Technical Management course. The
last 2 hours of the last day of class are devoted to comparing
2 of the 4 designs evaluated in the Preliminary Design course,
specifically the worst and the best (the 2 designs contained
in this paper). The results are extremely encouraging. Not
only do the managers really begin to understand software
engineering, but they begin to appreciate why education in
software engineering with Ada requires more time than training
a programmer in FORTRAN.

0.0 €O USION

There are 2 design flaws in Design 2. Each group of
individuals (software engineers and managers) has been able to
detect the 2 design flaws. Their ability to read and comment
effectively on Ada designs, prior to having a coding class,

is proof that one does not need to know everything there is to
know about Ada in order to effectively participate in design
reviews.

In this author's opinion design comparison yields positive
results, for both managers and software engineers. Inclusion
of this technique in future Ada related courses can only
enhance the students' learning process.
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DESIGN 1

Text_IO

Text_IO Subunits
Body

DESIGN 2

Subunits

Subunits

Figure 3. Dependency Diagrams
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Abstract :‘
This paper describes how Ada software engineering education is X,
implemented in the Camputer Engineering Department at the 2\
University of Central Florida. In addition to the format of the o
oourses, the textbooks chosen and the available hardware and 34
software, the need for more complete texts and more efficient o,
software are addressed. Failure to correct these deficiencies has e
the potential of delaying the acceptance of Ada and reducing the A
K number and quality of software engineering graduates. "
) -
| Introduction 7
g Ny
During the academic years 1985-86 and 1986-87, Software Engineering L
with Ada has been taught as a two-oourse sequence in the Department
K of Computer Engineering at the University of Central Florida. The NS
3 first course (ECMS5806, Software Engineering I) covers the Ada }_"-
! language (using Saib, Ada: An Introduction) and the principles of '\j
! software engineering (using Fairley, Software Engineering Concepts) L\x
and the second (ECM6807, Software Engineering II) is a project R
ocourse where teams of two to four students design, develop, .
s implement and document a system in Ada. Both ocourses are graduate hgh)
y level although undergraduates may receive credit for Software S
Engineering I. t-r
LY
The BOMS5806 class is taught live on the Orlando campus but is also W
3 taped and sent to several other locations throughout the state of s
Florida. This provides students who work full-time with the o
j opportunity to persue a Master's degree without the necessity of "
K driving to Orlando for classes. Exams and homework are transferred N
" via a cou'rier service and off-campus students are about two days ;{,. 5
(one or two lectures) behind the live class. The BOM6807 course is pagh
not taped (since it is a project class) and meets late in the o
‘: afternoon, twice per week, so that working students can attend. :,;..
Class time is spent on implementation problems experienced by each x-’
’,: team and periodic status updates (including execution of the )
) current system in front of the class). -::
\': Hardware and Software A
1 X
; Students in the College of Engineering (QOE) have access to two ;.J;;
" N
g e
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mainframes, an IBM438l1 (with the VM/(MS operating system) and a
Gould 32/6780 (with UTX, Gould's version of the UNIX operating
system), both of which run a validated version of the TeleSoft Ada
compiler. Although students often choose to use company-owned Ada
facilities, approximately 60% of the class use university
equipment. Turn-around time (i.e., the time required to compile and
execute a main procedure) on the Gould is about 30 seconds to 1.5
minutes while on the IBM, it is on the order of 6 to 10 minutes.
Part of the reason for this discrepancy is that the IBM services
the entire university community while the Gould is used primarily
by OOE students (most of which are in the Ada course). As of this
writing, there are five hardwired terminals (located in the QOE and
available 8am - 5pm) and four modem lines into the Gould, and 100+
terminals (located on campus and throughout central Florida and
available 24 hrs per day) and fifteen modem lines into the IBM.
Thus, although the Gould has a smaller turn-around time, the IBM is
more accessible. In any case, turn-around time is poor compared
with what most students (and practicing engineers) are used to and
a fast (efficient), microcamputer-based, reasonably priced
(including the cost of a site license), validated Ada compiler is
sorely needed by the university community. (An Alsys validated Ada
compiler for the IBM PC/AT is on order at the (OE but it is
relatively expensive.)
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The 'Best' Ada Text

Although it was not surprising, it was discouraging to find not one
single text which contained the minimum features an instructor
should expect. For instance, if key terms like 'instantiate®',
'files' and 'ocontext clause' are mot in the index of a text or,
although present in the index, mone of the page references provide
an understandable English definition of the term, the book is not
appropriate for classroom use. The lack of complete examples (the
shorter, the better) is another deficiency of numerous Ada texts.

e

£

AN
Many authors simply do not understand that someone learning any h-,t
camputer language must be provided with at least four things: 20‘\,
28]
a. complete source listings (preferably, computer printouts ~
from working source files) of all compilation units used in s
each exanmple, s:::j
b. a keystroke-by-keystroke description of exactly what the :,i
user entered when the program was executed, ‘,; v
c. a complete listing of the output produced by the program, ;-_.,
and 2.0
O
e
d. a discussion of a., b. and c. bR
It would be especially nice if, perhaps in appendices, commands for A
ocompiling, editing, linking and executing Ada programs which run A
under UNIX, OMS and VMS were shown and illustrated with example HO
programs. Textbook writers often forget that there are at least two e
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languages that must be learned when studying a computer language —
the language itself and the commands associated with the operating
system. Most computer manuals which discuss, for example, how to
perform separate compilations using an Ada compiler and linker, can
be understood only by experienced systems programmers (who are also
familiar with Ada).

What, then, is the best Ada text? There does not exist such a thing
in this author's opinion. The most complete and understandable
handbook on Ada is by Cohen, Ada as a Second lLanquage — this book
is a must for anyone who is serious about Ada. Texts with many
examples (same of which are incomplete) include: Saib's Ada: An
Introduction, Wiener and Sincovec's Programming in Ada, Price's
Introduction to Ada and Vasilescu's Ada Programming with
Applications. One of the few texts which details the many
subprograms from packages text io, sequential_io and direct_io is
by Elbert, Embedded Programming in Ada. A text specifically on
parallel programming is Cherry's Parallel Programming in ANSI
Standard Ada.

What is the 'best' Software Engineering Text?

The Fairley text mentioned above is the 'best' software engineering
text that the author is familiar with. However, the real problem is
not the availability of texts —it is how to teach software
engineering in a classroam environment and how to grade the
assignments. Topics such as software requirements definition,
software design, implementation, validation techniques and
maintenance can all be discussed in the classroom but testing the
understanding of these principles requires a term project. Grading
a project, however, often becomes a series of subjective judgements
based in part on writing style and the use of correct English. In
fact, it is often the use of English that distinguishes the quality
of one project fram another.

Few software engineering texts provide examples or exercises which
oould be given on an in-class exam. In addition, most topics can be
read about and understood without in-depth classroom discussions.
Case studies which illustrate good and bad applications of software
engineering principles and which are discussed with respect to a
standard (e.g., DOD-STD 2167) are not presented in today's texts.
Until and unless the case study concept is incorporated into
software engineering texts, it will be difficult for academia to
produce high quality software engineers. Thus, as of this writing,
the author is unaware of any software engineering texts which meet
the needs of the engineering community.

Conclusions

The primary goals of this paper are to: 1. share what is happening
in Ada software engineering education and training at UCF, 2.

indicate the need for fast and inexpensive Ada compilers for
classroom use and 3. point out deficiencies in the available
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textbooks on Ada and software engineering. Goals 2 and 3 are ]
intended to enocourage all those interested in the future of Ada o'
software engineering education to improve the existing compilers &
and fill in the gaps left by many of today's texts. Failure to do i
so, in this author's opinion, will reduce the number and quality of -
software engineering graduates as well as delay the acceptance of =
Ada by the engineering profession. Ny
References -
Booch, G., Software Engineering with Ada (2nd Ed.) (Benjamin/
Cumnings,Menlo Park, CA, 1986).
Cherry, G., Parallel Programming in ANSI Standard Ada (Reston N

Publ., Reston, VA, a Prentice-Hall Co., 1984).

-
L]
3

L T
o &’ atd

Cohen, N., Ada as a Second Lanquage (McGraw-Hill, New York, NY,

1986). -
Elbert, T., Embedded Programming in Ada (Van Nostrand Reinhold, New 5
York, NY, 1986). ..
oy
Fairley, R., Software Engineering Concepts (McGraw-Hill, New York, o5
NY, 1985). o
Price, D., Introduction to Ada (Prentice-Hall, Englewood Cliffs, o
NJ, 1984). .
Saib, S., Ada: An Introduction (Holt, Rinehart and Winston, New \j;
York, NY, 1985). i
o
Vasilescu, E., Ada Programming with Applications (Allyn and Bacon, i
Boston, MA, 1987). -
\‘;\
Wiener, R. and R. Sinocovec, Programming in Ada (John Wiley and \;\
Sons, New York, NY, 1983). N
0
3“.‘. 3
)
Sy
F_'.-
A
e
YR
.
K

P g

s

i
1
s
)

A B e

."c a
s

) - ‘.-": .
PR

™~
joal
- /. f' r 1
A PR

A0 I I R A AT IR N I T T R ST S U S N TR A S S S S S ‘.-‘_-."-.". IR I R > '.“~.-"-"‘ CRLE A
R Y S e A A S A A A A A T, R SR TR By

4



e ¢

Tt R VA Vet gt ¢at st bt 0a' et 0t ea’ 12" a' tad b Rad £V 2.0 448 B et Al ‘at'a R’ % at. &

Treatment of the Ada Language in a
Programmning lLanguage (ACM-CS8) Course

Michael R. Meeker

of Camputer Science
University of Wisconsin — Oshkosh

The 1978 AM recammendations for undergraduate Camputer Science curricula make
provision for a course dealing with the organization of programming languages.
It is recomended that this course be required of all students majoring in the
area. Typically, students would have campleted two courses in camputer
programming, including treatment of structured programming, debugging, data
structures, and recursion. In addition, it is highly recommended that students
camplete courses in assemblers and file processing before enrolling in the
course. The abjectives [1] of the course are:

"(a) to develop an understanding of the organization of programing
languages, especially the run-time behavior of programs;
(b) to introduce the formal study of programming language specification and
analysis;
(c) to continue the development of praoblem solution and programming skills
introduced in the elementary level material."

In order to accamplish these abjectives it is necessary to develop the context
for classification and description of programming languages in general, as
well as to illustrate aspects of programming languages by citing their
implementations in various languages. To that end, Ada is an attractive
language to study because it possesses many important features of which
intermediate level students are unaware. However, Ada is a large language ard
therefore much detail must be taught before the stident is in a position to do
programming exercises that illustrate its advanced features. One purpose of
this paper is to identify those topics within a programming languages course
where Ada provides outstanding examples.

Students at this level have only limited knowledge of the principles of
software engineering. It is difficult for them to appreciate the language
design decisions that are so fudamental to Ada. Unless some design
justification accampanies treatment of the language features, students are
likely to develop an indifferent attitude toward many of Ada's strong points.
The second purpose of this paper is to relate same of the software engineering
concepts important to student appreciation of Ada's design.

EXPIOITATION OF ADA'S STRONG TYPING

By the time camputer science students reach the intermediate level, there is a
good possibility that they have encountered a language with same data typing
and enforcement features. Most ocommonly this experience cames through a
knowledge of the programming language Pascal. Regardless of their previous
language experience, it is unlikely that these students have used typing to
its full advantage. One of Ada's praminent features is the ability to specify
derived data types. The use of derived data types becames the basis of strict
enforcement in Ada. Since the derived data type is not a feature in many
languages (Pascal in particular), it is necessary to familiarize the student
with the techniques as well as the justifications for derived data types. In
order to take advantage of strong type checking, students must learn to
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recognize circamstances in which typing errors could be prevented by using
derived typss. Soms straightforward examples are:

N - real abstractions are msasured in different ways (scales), e.g. the
abstraction temperature could be represented in Fahrenheit, Celsius, or
Kalvin.

- integer abstractions are used to count different abjects, e.g. 5 apples
+ 22 autos => ????.

‘ - separate enmsrations with equivalent functionality, e.g. ASCII ard

EBCDIC character sets.

Most Ada textbooks cover data type features, but unfortunately do not provide
clear discussions of how effectively to use strung type checking. While this

is probably acceptable for egerienced programmers, it is insufficient for
intermediate level students.

ADA ABSTRACTIONS

Most intermediate ocomputer science students' eqgerience with software
development is with relatively simple software systems. These systems are
usually simple encugh that an individusl programmer can be responsible for the
k. development of the campletes systam. Usually the software system has a brief
. life cycle, ending when the assigned project is sumitted for instructor
evaluation. Hence, the issues of information hiding, need to Jnow,
localization, and maintainability hardly, if ever, surface.

On the other hand, most computer science students have dealt with mumsrous
abstractions without being conscicusly aware that they were doing so. Same
commonly used abstractions are data and program files, oompilers, link
editors, and various operating system sexrvices. In introductory programming
courses, the uses of abstractions are primarily motivated by oonocerms of
understandability (data abstraction) and structured programming conoepts
(algorithmic abstraction). At the introductory level, thase concerms are only
loosely related. An important lesson t© be learned by Ada students is that
data and algoritimic abstraction go hand in hand(5).

AL

LA 4

PP

. One approach to ths effective use of abstraction is to envision a data

. abstraction hierarchy [2]. At the bottam of the hierarchy are data abjects

. associated with implemsntation detajil, at the top are data abjects of Jreat
abstractiaon. Once such a hierarchy is established it is possible to deal with
algorithms at each level. This hierarchical approach has the advantage of
making apparent the information hiding and need to know issues. It logically
separates the implemsntation aspects of the abstraction from its use. It is at
this point that packaging logically fits into the course outline.

FAULT TOLERANT ADA SYSTEMS

Most beginning caputing assigrmants are designad such that the 1nput data
when properly processed will yield correct results. Seldam do we 1ntrmduce the
cmplexity of error oconditions into our eamples. Baoeptlion coditions are
therefore manifest as programming faults which must be eliiminated by
modification or correction of mainline code. This oversimplified perveptior of
programming systems nesds to be modified at the intermxiiate leve. ir the
aurriculum.
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little or no exceaption hardling capabilities. This makes the design of fault
tolerant programs difficult or impossible to specify. Ada provides fault
tolerant mechanisms in a variety of ways:

standard exosptions are always present.

data types may bes constrained.

the programmsr may pretast domains with the "in"™ and "not in" operators.
the programmsr may control the exwesption hamdling with Ada code.

- the exsption may be propagated to a highar level by deferring exception
mmm«mm;mm

- provision is sade for premture exit from iterative processes.

- the programmer may create user defined exceptions.

The programming techniques that producs fault tolerant systems are
straightforvard. They do, however, require that the students egand their
comprehansion of ssguancs control mechanisms. As a result of the wide
acceptance of structred programming technigues, most students have been
imdoctrimated with the principle that program statsmsnts in textual sequence
correspand to the emcution sequance (4). This principle must be modified to
acoommodate eccsption hamdling. A second issus of interest is the propagation
ani/or re~raising of exosptions so as to refer the exception to a higher level
of abstraction. The questions of where as wall as how to handle an exception
are new topics for intermediate level students.

TASKING AND CONCURRENCY IN ADA

There is little doubt that cosputer technology is heading in the direction of
parallel processing. At the present tims we are in the precarious position of
having both fest firmly planted on single procsssor software technology ground
that is soon to erods. Little is being done to teach or even introduce
undergraduate students to parallel programming techniques. In the opinion of
the author, teaching parallel programming techniques should be a high priority
task within the computer science curriculums.

At the present time many computer science programs do not have access to
miltiprocessor systems. However, Ada provides the appearance of such{3]. This
is sufficient to begin student orientation to parallel systems.

CONCILUSIONS

The inocorporation of a discussion of Ada into the intermediate programming
language (AM~CS8) course is justified. Ada contains many language features
that are not cammonly taught or emphasized in prerequisite courses. Ada is
designad with consideration for software engineering principles. Therefore, a
discussion of Ada features serves to orient the intermadiate student to this
topic. Finally, Ada inoorporates language features that are ocompatible with
the ocuwrrent direction of technological development. Ada represents a
programming tool for the present as well as the future. Part of the definition
of a wall rouded camputer science studant should include knowledge of the Ada

programming language. The programming language oourse provides a convenient
and relevant context to have this happen.
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Ada from the Trenches : A Classroom Experiencs o
”hﬁ
Jaime Nifio "?iy
Computer Science Department M
University of New Orleans N
!!)iw
Introduction. ::.;:,
in August of 1984, the department of Computer Science of the University of New ' A
Orleans started implementing the programming language Ada as the departamental “'
language. After aimost 3 years into the project, we feel we have succeeded. The purpose ,,v:‘.
of this paper is to share our experience to the Computer Science educators and Ada users 2
at large. -
a5
Structure of paper. “.p
{‘q
The paper is composed of the following topics : o
University Setting. cg
Departamental Setting i
Curriculum overview. R0
Ada as a Primary Programming Language. b\,
Ada curriculum implementation history. a
Ada teaching experience. bt
Student Population Response. L
Compiler Experience. ‘b,
Book review.
Conclusion. \:
§
University Setting. y '
The University of New Orleans (UNQ) is an urban university of approximately 17,000 .:3:
students situaded on Lake Ponchatrain in New Orleans, La. it is an urban public
university, the second largest of the institutions governed by the Louisiana State Board g
of Regents. I
-
The UNO academic computer resources consists primarily of a cluster of four VAX o~
8600 16 Mb computers running VMS Version 4.5. and DECNET and approximately 150 -‘:
Zenith microcomputers with Winchester discs and numerous terminals throughout N
campus. There is also a campus-wide Ethernet. Computer Science undergraduates taking |
core courses are supported by this system. N
:.-\
\f\
Departament Setting. :;,\
We offer the baccalaureate in Computer Science and in conjuction with the
Mathematics Department we offer a master degree in Mathematics with specialization 5
in Computer Science. The department consists of 10 full time facu'ty members all of :,"
which are expected to teach programming classes. We are supported by part time N
faculty, several teaching assistants and paper graders. ~e
R
There are approximately 400 Computer Science majors at UNO, and typically 1500 N
students studying Computer Science courses at any one time. In any given semester,
there are approximately 120 declared Computer Science majors studying CSCI 1583, the N
first Computer Science course for our majors, comparable to CS1 in the terminology ot o~
the ACM Curriculum Committee [Augt 79]. There are approximately 90 students enrolled .r:“u-
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in CSCi1-2120 (or CS 2 in the ACM curriculum) and 60 in CSCI-2125 (Data Structures or

CS 7). by
UNO is on a semester system, with most Computer Science courses having three hours -
of lecture per week, and offering three credits to the student. :‘.
o,

I

Curriculum Overview. "

The University of New Orleans Computer Science Curriculum [UNO 84] closely

resembles the ACM Curriculum '78. For this paper we will take a closer look at the o
syllabus of our introductory courses CSCI-1583, CSCI-2120 and the Data Structures -y
course CSCI-2125, for which programming is a major component. i
-
CSCI-1583 N
Prerequisites : Plane trigonometry with Algebra bl
Corequisites : Calculus | or Discrete Mathematics. We advise the students to
coregister in Discrete Mathematics. ?:'
*w
Syllabus overview: ~2
The major topics of study in this course are computers in general programming I
principles and the Ada language. ol
Computers in general covers computer systems organization, basic computer 3¢,
organization and history of computers. :s
Y
Programming priciples covers programming languages concepts, examples of &8
programming languages, typical programming tasks, software lifecycle, software : “
quality, algorithm design ( top-down, bottom-up) with strong concentration on top- N
down design and step-wise refinement. Structure Programming, Abstract data types. .
algorithm testing, documentation. N
S
From Ada we cover primitive types, data manipulation via typed objects. control :f-:
statements, subprograms, scope and visibility, records with fixed types. arrays. and =S
use of packages. Attributes and Input/Output using the standard input and output N
files.
(L
Programming assignments size varnes from small ( tens of lines ) to moderate size N
(no more than 1000 lines). \-;
\f\
CSCl-2120 DY
Prerequistes : CSCI-1583 and either 1) credit in Discrete Mathematics or 2) (%
concurrent registration in Discrete Mathematics and credit in Calculus | .-
Syllabus overview. -4
Introduction : Software life cycle Ada Review Data types Types, Subtypes Simple p ™
types : Integer, Float, Boolean, Character Type classification Control Structures ‘:-'
Subprograms. Structured Programming Structured Types Records and arrays More L[S
on data types. Abtract Data Types Encapsulation. localizaton and Informaton Hiding by
Design Techniques - Top Down design Bottom Up Design Separate compilation and i
top-down coding. Top-down testing. Other design techniques Ada Block structure A
Scope and visibility. Recursion and backtracking  Programming n the large sre
Packages. Bottom up design and packages Robustness Exceptons Files Testng ol
(Structured walk throughs) and venfication Program assertions loop nvanants };
Partial program correctness "
%
e
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The student is given on average 5 programs whose size varies from 500 lines to
1500. Students are also given a programming project whose size is between 2000 to
3000 lines.

CSCl-2125
Prerequisites : CSCI-2120 , Discrete Mathematics and Calculus I.

Syllabus overview.

Abstract Data Types : Specification, design, validation , implementation. Study of
typical data structures as ADT's : Stacks, Queues, Lists, Recursive Types, Binary
trees, General trees, Graphs. ADT's and algorithms : searching, sorting, hashing.
Other ADTS's.

From Ada : Generic Packages. Access Types. Variant Records.

Ads as a primary programming language.

The term "primary programming language” is used in [Auge83] to describe a language
taught in the initial courses of a Computer Science curriculum and thereafter used as a
standard language of reference.

There has besn a great deal of debate in the Computer Science community about
primary programming languages. [Auge83] discusses the relative merits of Pascal, PU/I,
and Ada as primary programming languages. The ACM Curriculum Committee [Koff84] has
recommended that only Pascal, PL/l and Ada meet the criteria for an acceptable language
in the revision of their earlier proposal for CS 1.

In {Evans et al 1985) the aulors cite several reasons against the adoption of Ada as a
primary programming language. Among the reasons cited were the complexity and the
size of the language, the lack of compilers and textbooks. Of those reasons one may still
argue against the adoption of Ada on the basis of its complexity. After three years of
teaching Ada we have demonstrated that we can find a suitable subset of Ada that does
not do a disservice to the language and that supports and serves us well in our teaching
endeavors.

Many universities in North America have created an Ada course in the Computer
Science curriculum [SigAda 87]. Almost no universities have adopted Ada as the primary
programming language. We in the compute Science Department at UNO adopted Ada as the
primary language in the fall of 84. To aid in the understanding of our choice of Ada as
the departamental language | proceed to state our common teaching philosophy and
goals, at least with respect 1o the programming courses.

In our teaching endeavors we teach and stress the principles and fundamenials of
the art of programming. We underplay "programming tricks" in behalf of readable,
maintainable and correct programs. Software engineering has developed well proven
principles which aid in the development of software. Some of those principles are
structure programming, modularization, information hiding, data abstraction,
encapsulation and localization. Software engineering also provided techniques and
guidelines for procgramming in the large. Our philosophy lies on the teaching of
fundamentals of programming; one of our major goals on the teaching of programming is
to teach the principles and the methodology necessary to produce a program that is
correc!, reliable, robust, maintainable, verifiable and portable. Therefore we teach the
principles and techniques available from software engineering that aid us in attaining
this goal.

Ada is a modern programming language which was designed to support all of these
pnnciples and the needs of modern software development. Using Ada we have a unique
language were the students get the opportunity to put the principles. taught in class to
practice The advanced features found in Ada to support the development of embedded
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systems has given us the opportunity to be able to use Ada in the upper level courses ‘e
which have a programming component. We can therefore say that Ada has unified our
curriculum as we can use Ada throughout our curriculum as a programming tool.

In the core programming courses we use Ada as a tool to illustrate programming
techniques and principles. The learning of Ada per se is not a goal in our programming
courses. What this means is that we teach the necessary Ada syntax and semantics to

22

illustrate programming principles and techniques. Ada is a very rich and complex ",’
language whose wealth of features can overwhelm any well experienced programmer. We oY
had to carefully trim Ada to make it into a manageable language from the point of view
of the teaching of programming. We can certainly say that students that go through our )
core programming courses adquire an excellent foundation in Ada; they can put Ada in use P
to produce high quality programs using the standards of software engineering; we cannot I
say that they are Ada experts; this is not one of our goal. EJ:
One can certainly argue that Ada is too complex a language to be taught in an -
introductory course in programming. My response to that argument is based on the e
intended goals for that course. If the goal is to teach Ada per se, | support that i
argument. |f the goal is to teach programming using Ada as a tool, | do not see any extra ;f'
burden put on the student by choosing Ada, | only see benefits from the choice. | am of il
the opinion that the difficulty of teaching introductory programming lies on the subject u{;_
matter itself; programming is a difficult task, and this task can be ameliorated or A
worsen with the programming language chosen. If an introductory course is aimed to the i
teaching of programming as an art with well proven principles and techniques, Ada can L,
provide a programming environment where theory can be put into practice. For a case in Ry
point, it is a lot easier to show in Ada how one can implement the information hiding R‘ )
priciple that say, in Pascal. Ada not only have subprogram, but packages and private PN y
types. E

Ada curriculum implementation history.

‘-
-

o L
.*:{ i

We started the implementation of Ada in the fall of 84 with the course CSCI-1583.
in the fall semester two sections were offered to a initial total of 60 students. We
continue offering CSCI-1060 which is the equivalent course using Pascal.

in the spring of 85 we offered two sections of CSCI-1583 and one section of CSCI-
2120 using Ada. We offered one section of CSCI-1060 and one section of CSCI-2120
using Pascal.

In the fall of 85 we offered CSCI-1583, CSCI-2120 and CSCI-2125 using Ada. We
continued facing out the sections of CSCI-2120 and CSCI-2125 using Pascal that
Computer Science major could take for credit.

By the Spring of 1986 the only section remaining to be faced out from our
curriculum was a section of CSCI-2125 using Pascal.

R
.,

¥
&

in the fall of 1986 we taught all the programming core course sections of CSCI-
1583, 2120, 2125 using Ada. There were no sections of any of those courses offered
using Pascal in that semester or afterwards. We continue teaching an introductory
course using Pascal which is aimed to the Liberal Art students as well as an

e
2, 4y

X

o

introductory course using FORTRAN aimed to the Engineering School students. A

I*.".

By the fall of 1986 faculty teaching higher courses with a programming component :"5.\"'
could expect to have many of the students in the course with Ada experience. Not all e

2
Y ‘}’

upper level students can be assumed to have Ada experience at the time of this writing.
But their number is rapidly diminishing.
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Ada Teaching Experience. :,';:3
e
| proceed to relate the experience per se of the teaching of Ada in the courses CSCI- ‘
1583, CSCI-2120, CSCI-2125. \ ,::
\J
The main goal in CSCI-1583 is the teaching of the elements of structured ~"
programming, data abstraction, algorithm development and the necessary syntax to ::'.:;
support such activities. o
In 1583 the students get exposed to the following concepts: X
1. Structure programming. s
2. Abstract Data Types. .
3. Top-down design. ;3.;
ot
Ada serves well each of the concepts listed above. Ada has a complete and fully N
braketted control structure set. Ada distinguises between OUT and IN OUT parameters in .
contrast with Pascal and its by-reference parameter mode. Having given the definition f‘;'.'a-
of abstract data types, we can illustrate it via the Ada primitive types and the fact that ‘-‘.:
no implicit coercion is allowed in Ada. We can also illustrate it by introducing derives .‘-,.
types of primitive types. Students can be given the opportunity of using non-primitive X
types via packages provided by the instructor. With this simple instance, an instructor vy
can illustrate Abstract Data Types, team programming as well as the information hiding -
principle. Top down design is supported in Ada via subprograms and separate compilation ~ A
and this last Ada feature gives the instructure an oportunity to give the student the NN
experience of programming in the large. j:j,‘
Ly
From the point of view of concept formation ( programming in this case ), students j:j:
can be given a package or a set of packages developed by the instructor, and the students By,
write simple drivers for those packages. The instructor can use separate compilation to N
give the opportunity to students of being part of the writing of a rather "interesting” :}s
program by assigning the students the writing of a subprogram which will be linked to a ol
main subprogram written by the instructor. This feature can be exploited further by RN
given different group of students different subprograms to write. -"'$
Notice that in these situations the students can be made part of a programming \7
effort with a minimum knowledge of Ada syntax. To use packages students need to know 5
how to declare and give value to the arguments how to use the conditional and while S
control structures, how to call subprograms and to include packages with their drivers. N
; The actual writing of subprograms can be helped by giving simple by well defined S
{ operations to implement, whose logic is simple and do not need tne use of sofisticated AN
¢ Ada features. N
_ The goal of the second course CSCI-2120 is to teach to the student the principles <32
N underlying the production of programs which are correct, portable, maintainable, NN
modifiable and verifiable. -\.;'_:
¥ -
; In the teaching of the second course the choice of Ada is more and more rewarding. :"".-C
Among the main concepts taught in this course we have: .
1. Structure Programming revisited. »
\ 2. Design methodologies . ( Top-down , bottom-up, among others ). ,._‘-,
3. Robust programming and error trapping. o
4. Recursion and Backtracking. sy
5. Abstract Data Types revisited. e
f‘ f
The concept of abstraction which was taugnht using subproyrams can be reenforced " o
o using unconstrained arrays and discriminated records and user defined enumeration NS
¢ types. Using separate compilation studen! can gel experience in top-down design . top- R
; A
“ '.\I
' vH '\;"
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At the time the course CSCI-2125 is taken, the student has a good backgroun in )
programming in Ada. In this course the students get experience in the specification, ;
design and implementation of Abstract Data Types. At this point packages, private and ™
limited types will support the concepts of information hiding, encapsulation and data o
abstraction. Yot

From the teaching point of view, one of the strengths of the programming language -.
Ada is in the fact that it supports all the modern principles of software engineering, ~
making the teaching of such an easier and rewarding task. e

| am the first to admit that teaching Ada syntax is quite a taxing and trying task. o
This task get ameliorated by introducing Ada to support programming principles as | do *
in my courses. One can literary spend a whole semester just teaching the sequential part -
of Ada. A concerted effort must be made not to get lost in the forest. For example | i
teach arrays slices to be used to make calls to subprograms with unconstrained array <3
type parameters; this is an example of the impiementation and use of abstration. | do NS
not teach all the possible ways to form aggregate expressions. | do not see a principle s
that can be illustrated with this activity. by
Student Population Response. A

The student population consists mostly of commuter students who live in the ,:Z
metropolitan area. The great majority of them work while attending classes. From oy
conversations with the students and their comments in the teacher evaluations, one can u
easily surmise that the difficulty of a given programming course lies in the subject L
matter and not in the programming language. -

e
@

The questions and difficulties the students bring to my office are within the same :j‘_
class of questions and difficulties as when | was teaching Pascal. | have yet to meet a Ty
student who attributes his or her difficulties directly to the complexity of the language. SE

The attrition rate using Ada in the core programming courses was not affected. For -
the first course we had experience up to 50% attrition rate, for the second course up to N
33% attrition rate and for the third course no more than a 25% attrition rate when
Pascal was the departamental programming language. Many students drop the class due .
to the fact that they do not have enough time to devote to programming. As | mentioned e
above, most of the students are fulli time and hold a job while going to school. We feel .
that when each student owns or has access to a personal computer the attrition rate My
will decrease significantly. .~

o
Compiler Experience. o
l":-"

During the three years we have been using Ada in our curriculum we have used two . "
compilers. In the fall of 84 we started the teaching of Ada using a pre-validation i
version 1.3 of the Telesoft Ada compiler. This was not a full Ada compiler. ~

A

This fact cause some difficulties. The students could not readily key in program Z';:"’:
examples from the text book, or try out some of the syntax explained therein. This fact o
put more work on the instructors as we have to teach the standard features of Ada as :;.:_
well as the version that seemed to work in the compiler we had available. The most S,
notorious features lacking in that compiler version that were noticed in the teaching of L
the first programming class were the lack of generic io packages of text_io, the lack of G
some type transfer functions. and the fact that output parameters could be read. : ,

"o
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down coding and top-dow testing. With packages students learn bottom-up design and
coding  Exceptions simplifies the introduction and the actual implementation of error

trapping.
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There were many other problems with that compiler most of them due to the
incompleteness of the compiler. We felt that the use of the version 1.3 of Telesoft Ada
would have lead to very serious problems with the implementation of the second and
third programming courses.

In January of 1985, the Telesoft-certified release, Version 2.1 was substituted.
This version for VMS was submitted for DoD validation early in 1984 but not validated,
failing two programs in the test suite.

With secme minor difficulties, this version was used for the spring semester of 1985
in both the first and the second programming courses.

During the spring of 1985, the DEC Ada compiler became available. We have used
that compiler from the summer of 1985. This is a full Ada compiler which is supported
by the DEC VAX/VMS symbolic debugger. This is an excellent compiler. It generates
relatively small object files and the run time of the executable image is more than
adecuate for an academic environment.

We currently have the latest validated version 3.10 of the Telesoft Ada compiler.
Judging from the list of problems we have encountered with this version ( see appendix
), it is clear that the compiler to use in a VAX/VMS environment is the DEC Ada;
Telesoft Ada is an adecuate choice, but requires large amounts of secondary space to be
allocated to each user

Books review.

Below, you find a list of some of the Ada books that have come across my desk or we
have used in our courses. | still have yet to find a good book for the introductory class;
several books claim to be introductory books; among their faults are poor writing and
style; some books do not focus on the teaching of programming from the point of view
of the principles of software engineering; some books have many errors regarding either
the syntax of Ada or the use of the Ada features. One can find adecuate books
nevertheless, but the instructor must carefully read the book to warn students of
possible errors or misleading information and the instructor must complement the book
with his or her own material. Most books assume at least a minimum of programming
experience.

Books aimed to an introductory class.
Introduction to Ada. David Price. Prentice Hall 1984
First lower level book to appear on Ada. Much of the examples give do not give
justice to Ada; they are more Pascal like examples. Some of them are actually
incorrect. (See page 70 for example). It uses poor examples to show different ways in
which an Ada feature can be used. The author breases through the syntax and semantics.
Not Recommended.

Introductory Ada. Packages for Programming. Putnam P. Texel Wadsworth
Publishing Co. 1986. it introduces Ada and in general programming via packages and
subprograms. Since no syntax of statements is given at the beginning of the book,
abstraction gets well served. When introducing syntax, it uses cross reference to the
LRM. Exceptions and LOOP are introduced early. From there control structures is
completed. Types are introduced starting with basic types and finishing with composite
types (arrays and records). The book is finished with a closer look to packages. Good and
illustrative examples throughout. The book seems adecuate for a beginners class if
instructor complements book with his or her own material.

Ada: An Introduction. Sabina Saib. Hollt, Rinehart and Winston. 1985, The book s
full of idiotic and erroneous statements (....the safest form of a loop to use is the for
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loop..., for example). It coudl be used in an introductory course but instructor must
carefully read it ahead to prevent misconceptions.

Books aim to students with programming background.

Most of the Ada books out fall in this category. The large mayority of them teach the
sequential part of Ada to a good depth. Most of them gloss over the concurrent features
of Ada. The list of books given below can be used for a good indepth introduction to the
sequential features of Ada. All books must be complemented with outside material to
be used in a class equivalent to CS 2.

Ada for Experienced Programmers. A. Nico Habermann. Dewayne E. Perry. Addiso
Wesley. 1983. This book teaches Ada by comparing it with Pascal.

An Introduction to Ada. Second (revised) Edition. S.J. Young. Ellis Horwood Limited,
Publisher. 1984.

AN N

Programming in Ada. Second Edition. J.G.P. Barnes. Adisson Wesley. 1984.

Introduction to Ada: A Top-down Approach for Programmers. P. Caverly and P.
Goldstein. Brooks/Cole Publishing Co. 1986

Ada Language and Methodology. Prentice/Hall International. 1987.

§r 7 AR

e &
P

Conclusion.

.
s
o/

We feel that the choice of Ada as a departamental programming language has been
benefitial to the teaching of programming by having a language that is both modern and
supports the needs of modern software development, for th eunification of the
curriculum courses with a programming compoenent and ultimately for the student who
has the opportinity of exposure to a language that is making a definite impact in our
field. We have shown that it is possible to use Ada in the introductory courses with
more benefits than disadvantages; and these benefits accrue as the students take the
more advanced courses using Ada. It is benefitial to the teaching of programming to use
a programming language that is a standard language, with modern features and which is a
real language that is making a definite impact in the world.
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Appendix.

The Telesoft Ada compiler has very annoying bugs and characteristics that can render
it undesireable or actually unusable

1. Requires large amounts of disc space. 5000 blocks is not unusual.

RO AP
At

2. Can not instantatiate generic packages.

3. Files produced by the compiler are huge. For a "one line program”, the DEC Ada
compiler produces a five block file. For the same program the TeleGen2 compiler
produces a two hundred and eleven block file!

.
P
vy

4. Text input is hopeless.

LR
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5. There is no debugger.

6. The DELETE operations on the Ada library only removes the names form the library.
It does not make the library any smaller.

K

¢t

7. The FORMAT utility is useless.

"
» 5’5’\"; ]

P
-

R
0

)
;’f")

..'...,: .,’ .
a

WX

w8
VW DRIV oV PRV SRPE P




18 ot 8 0T

BT

XA POV TV

D a® WaY B0 A’ B2t

X3

At

This page left blank intentionally

a0l

oo
R

AR

'E\