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ABSTRACT

The Department of Defense (DOD)} is spending an estimated $6 billion on
software each veer, and this budget is forecasied to increase by 15 to 20

percent annually.

In recognrition of this software cost spirsl and to halt
the proliferation of computer programming languages, DOD has sponsored the
develgpment of 2 new language--called Ada--to provide a standard, o o

computer-independent hlgh order language for major defense sysiems software.
Ada is expected tc have widespread applicetion throughout DOD and will

require treining for thousands of individusls.
solution fo the Ada training problem using the

conmputer-based education system.

THE PROBLEM

The U.S. Department of Defense
initisted Ada, the new high order
language {(HDL)}, in 1976 with the
objective of eventually standardizing
programming languages inteo one HOL.
The five-year design effort involved
defense departments, academia and_ .
Industry fTrem fifteen countries. Ada
is currently going through American
National Standards Institute procedures
to become a U.S. standard. and is .
expected to become an international
standard through the International
Organization for Standardization.
There 1s widespread interest in Ada,
and it is believed that a reguirement
for it will evolve in commercial as
well as defense applicatiens.

DOD’s Software Problem

DOD- is spending an estimated $¢ billion
on software each year and as indicated
in figure i, the software budget is
forecasted teo increase rapidly. (1)

In recognition of this accelerating
software cest spiral, DOD established
policy framewark (DOD Directive
5000.29) in 1976 for advanced computer
technolegy, including the requirement
for a DOD approved HOL. The resulting
development of Ada is now history, and
the design of Ada culminated in the DCD
"Ada Debut" on September 4, 1980.

Ada began.in DOD as one of the
initiatives aimed at controlling the
*embedded computer" software costs,
Embedded computers are theose eguipments

Control Data is developing a
Contrel Data PLATD®
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procured as part of weapons systems and
controlled by the DOD 5000.XX series of
directives. Ada is initially being
hosted on.autuomatic data progessing

computers used in support of weapomns
systems. Furthermore, Ada is perceived
as being a system design language which
opens the door fer training of hardware
and system designers, program managers,
as well as software designers.

As indicated in figure 2, the costs of .

computer hardware are continuing to
decrease, but software costs, being
labor-intensive, are rapidly
increasing. A sizable portion of

_software life-cycle costs can be

attributed to maintenance and training. |
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A fundamental problem confraonting
industry and DDD is the shortage of
computer programmers. Figure 3 shows
that the number of computers in the
U.5. is growing much Taster than the
number of programmers and,
unfortunately, programmer produc-
tivity is not significantly improving.
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Ficure 3. Growth rate of programmers

vs., computers

The software labor shortfall is likely
to get worse. There is an .
industry-wide need to recruit and train
more computer people.

The Ada Training Problem

More and more computers will be used by
DOD, requiring more appiication
software. Adding this tc the labor
shortfall preoblem, and the rapidly
escezleting cost of software resources,
makes the need for traimning apparent.
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At least four classes of education and
training are needed to successfully
implement Ada throughoui DOD:

1. An overview of Ada must be
provided for managers and executives
and as a first course fer software and
systems personnsl

2. A retraining course for
programmers who are already
knowledgeable on ancther HOL,
FORTRAN, is reguired.

such as

%. A complete training program
from computer fundamentals through the
Ada language is needed for the L
thousands of computer- neophytes wha
must be trained to _relieve ithe labor
shortfall problem facing industry and
DoD.

4. Unique zpplication training on
how o use the Ada HQL effectively in
solving specific computer system
reguirements must be provided.

THE SOLUTION

Control Data is a leader in
computer-baseq educatiion andg is
currently providing hundreds of couxrses
via the Control Data PLATO sysiem.
Control Data is planning PLATO-based
courseware for Ada in three types of
courses. The first will address the
"whats and whys" of Ada and will
culminate in an Overview of Ada )
course. . The second course will address™
the "how to's" of Ada and will be an
Ada Programming Fundamentals course
based on the PLAETO system. . The third
area aof trairing will actually be a
series of courses designed to provide
DDO application unique training, such’
as "How to use Ada eifectively in
solving a digital signal processing
problem."

These courses will sgtisfy the four
classes of Ada training previously . .
idgentified.

Individualized Instructiocn

Unlike traditicnal lecture-based . -
instructiaon, where a single instructer
speaks. to a captive group of students,
individualized instruction allows
students to learn independently from®
sets of struciuvred learning rescurces.
Each learning resource is a carefully
designed package of imstructional
materizls presented by one OT moTe..
types of media such as -
computer-assisted 1nstruct10n, “text,
afid addiovisual products (audiaotapes,
videotapes, filmstrips, or slide _
shows). These materials communicate
the same knowledge presentec by
instructors through lectures.



Extensive research by educators and
psychologists proves the importance of
interaction to improve learning and
strengthen retention. Multimedia
individualized instruction. checks
students' understanding just as
instructors do--by asking guestions.,

Strategically placed questions ur"othef

response requirements =licit .
intersctions from each student. The
purpose of the interactions mesy be to
check for-understanding of concepts
require relationships to be drawn
between concepts, emphasize important
points, illustrate rules, or simulate
pracedures. -

Studenis progress at their own-rate as
they work through each learning
activity. Because the burden of

celivering information is shifted from

the instruetor to the learning
activities, instructors can give
individual attention tc each student.
Instructors are freed to answer
specific guestions, provide.
encouTragement, provide sdditional
explanations to. meet unigque needs of
individual students, and get to know —
each student on a personal basis.
Students 2lso receive immediate
feedtack con how well they are
learning--they aze net made to wait for
quizzes given &% arbitrary times = - --
whether or not they are ready.

Numerous benefits are gainecd from
individualized instruction. Following

are some of the more important benefits:

# Because students progress _at
their own rate, fast students
are not reld back and slow
students dao not fall behind.

e Traiming toc the desired skill
levels is more precise. Better

students are not overtrained and

slow students are not
undertrained.

s Instructors can spend more time

with students who need special
assistance rather than
attempting to teach to an
-idealized average, or slightly
belcew average, student .

s Students are more active.

- cannot sit passively while
instruction goes on around
them. This interaction improves

They

learning and increases retention

for each student.

e Attrition can be recuced because .. . .
stucdents are not forced o learn
at an externally imposed pace .
_they may be unable to meet.

More attention cen be given to
specific learning problems
~unigue to individual students;

this decreases chances of
failure resulting from
difficulty in only.one area. .

8 Deficlencies. of the training

- program itself can be |
identified, dlagnused and
corrected qu10kly as a result of,
the concrete structure of
modularized learning
activities. The result is more
cost-gffective, efficient
training.

& More precise control of training
is possible because
instructicnal materials

" Contained in learning activities
are not suobject to Instruc-
tors' reassignment, illpess,
lack of training, or
"forgetfulness. . C ol T

In computer-managed instruction (CMI), ~— —
the functions of testing, study

assignments (prescriptions), and record
keeping are assumed by the computer.

In this application, the compuier

becomes a powerful teol for relieving
instructors of administrative tasks.

In CMI, all tests are administered

on-line (on a PLATO terminal}. This
agn-line testing enables the computer to - -
immediately score tests, analyze item
responses, and store the data in files
containing complete histories of
students' past performances and
assignments.. Decision logic tables,
algorithms, programmed into the

or

_computer can then use this pocl of ;; T
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information to make prescriptions

tallored to studenis' needs. These °
prescriptions can assign remedial work,

more advanced lessons, additional

tests, outside referenctes or resources,”

or any cne of a number of instructional
alternatives dpsired by an 1nstrucﬁor,

Records of learning performance stored .
in student data files can be examined,

sorted, and arranged in any format

desired by an instructor or training

manager. This data may include

individual scores for a given student .

per assignment, summary scores for all.
students on g given test er learning _
activity, number of iimes a_particular
activity is assigned, time elapsed
between tests, aﬁd total hours. in
training.



The benefits of CMI thus lie.in the
precision, control, and reduced
instructor burden it provides. Each
assignment is cdnstructed from a known
data base. Therefore, if something is
wriong with a particular assignment or
test, it can be traced to the logic
betind it and corrected. 1In
traditional management modes, decisions
are pften based upon incomplete
information or best guesses. These
subjective decisions make it difficuli
to systematically improve a training
program. - A CMI program, however, can
be steadily improved by building .upen
objective data describing each
student's experience.
available can bg manipulated on the
computer in a matter of seconds, while
it may take hours or days to doc so
manually. The chances of errors in
transcription are also greatly

reduced.  This is very important when
dealing with test results, where an
error could mean the difference between
success or failure.

In short, CMI autcmates most of the
mechanical tasks cof managing 2 training
program. - This automation not only
enables instructers to spend more time
with their students, it also incresases
control over the trairming environment
and improves asccuracy and usefulness of
gssential trainming information.

The Control Data PLATO System

The Control Data PLATO system is an
interactive computer~tased education
system, which consists of hardware,
software, a computer system, and
courseware., The hardware portion
consists of graphie display terminals
and a communications network. The
scftware portior runs as an application
package under the control of the
Network Operating System . This
software supports the PLATO . .
communications equipment, manages h
computer resources available at thes - _
central site, and processes =1l
interaction between the central system
and the PLATO terminal. The PLATO
systen runs.cn the coc® CYBER 170 or
coc® CYBER 70 computer systems. Other
PLATG systems, such as Micro PLATO,
be used for courseware delivery in a -
stend~alone mede and connected to the
central PLATO system for authoring
capabiiity.

Overview of Ada

The first course, Overview of Ada, is
intended to provide programmers and
their managers with an understanding of
the develapment and herefiis of this-
new programming language. The course
presents the raticrnale behind the
design of the Ada lsnguage and a brief
history of its development, as well as
the economic, -procuctivity, and
reliability problems in software.

The mass of data

can 7
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__development.

- design of the Ada lamguage.

Each of the principles
that were applied in an attempt to
overcome the problems and produce more
gfficient and reliable software. o
development is explained, along with
some of the language features that were
developed to. achieve these principles.
The. purpose of this course is to

_introduce the Ada language so ihat it

is viewed as a2 viable alternative to.
viher programming languages.

The introduction illustrates the
current economic problems faced in
software development and shows why the
design and development of a new

- language were undertaken. It

highlights the history of the languaqe,
touching on key events and emphasizing
the computing principles that were
applied. in this effort to provide _.
greater productivity and reliability
through the use of a new language.

The course explains each of these
computing principles intuitively,
illustrating how its gpplication can
facilitate software development. The
features designed to suppori-the
principle are also presented. For =
example, modularity is aone of the -
principles that was applied inhthe

The
concept of modularity is discussed, and
the language feature--packages--that .
supports this principle is presented,
along with the henefits that packages
provide, such as permitting the

division of lahor and providlng more T
readable code.

The course discusses oiher principles
including reusable seofiware, separate
compilation; tasking, and strong
typing. The features that were
incorporated in the language io achieve
these principles are also presented.

Finally, there is a discussion of the
rationaie for the design and

development of an Ada environment.
functions that the Ada Programming
Support Environment will provide and .

The

the different levels of _the environment

are explained.

Ada Programming Fundamentais

Fundamentals,

The second course, Ada Programming

is intended to provice
the experienced programmer with an
introduction to the Acda. ianguage.
Qverview of Ada is z prerequisite to
this course, providing a background in
the basic concepts underlying the
language. The purpose of Ada _
Programming Fundamentals is to teach
tThe Ada language Lc . experienced
programmers in & manner that achieves
the full benefits of the new language.-

Teaching the syntax of the Ada language

is not adequate preparation for
programming witkh the languacge.
Instead, many programmers need to_ learn



& new discipline of designing and
developing programs to achieve the
desired benefits from the language.

The use of a top-down modular approach
in designing preograms enhances the
effeetive use of the Ada programming
language. A section of this course
discusses top-down modular design aof
Ada programs and the use of the limited
set of structured control structures in
designing algorithms. The remainder of
the course emphasizes these approaches.

The intention of this course is to
provide the experienced programmer with
a working knowledge of the Ada
language, so that it is possible to use
it to write programs.
not intended to cover all variations of
every language feature, but instead
prepares the programmer for getting
started using the langusage.

An Example of a PLATO Course

The addendum to this paper contains
screen prints made directly from the
PLATO terminal showing a lesson
seguence. from the Ada Programming
Fundamentals course. The lesson is on
the Ada "IF" statement and the screen
prints show the following:

s Llesson title
e Objectives for the lesson
s Flow charts of control selection
o Explanation of "IF" statement
- syntax
e Example of "IF" statement
e - Exercise using "IF" statement

The use of PLATO graphics greatly
enhances the learning potential of the
CRT, or display, terminal by prDV1ding
a “plcture drawing" tool for the
author. Students assimilate new
concepts more effectively through
graphics combined with text.

References
(1) Figures 1, 2, and 3 are from
the DOD Digital Data
Processing Study performed by
an industry team chaired by
Mr. David G. 3tephan, Control
Data Corporatiocn,
Minneapolis, Minnesota. The
study was performed under the
auspices of the Electronic
Industries Association.
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Screen Print 1: Lesson title .

Ada

Programming
Fundamentals

A LESSON ON IF STATEMENTS

Press NEXT teo begin

G}
CONTROL
DATA

(@ 1981 by Control Data Corporation.
Rll rights reserved.
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Screen Print 2:. Objectives for the lesson

INTRODUCTION

The purpose of this activity is to femiliarize
- wou with the if statement, its use and its

syntax.

At the end of this acstivity yvou should be able
to:

o Identify when an if statement should be used
as a control structure,

o Code the if statement with twe branches.

o Code the if statement with multiple branches.

Press HEXT to continue
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Sereen Print 3, Display 1: Flow charts of contrel selection

The order of execution of statements in a program

is generally sequential. The execution proceeds
statement by statement through the pregram. There
are circumstances where it is necessary to alter
this sequential flow of the program. Ceonditional
statements permit the choice between several courses
of action depending on whether a specified condition
is met. If the condition is met, one sequence of
statements is executed.

sequence_of sequence_of_
statements_1 statements_2

Press NEXT to continue
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Sereen Print 3, Display 2

The order of execution of statemernts in a program

is generally segquential. The executioh proceeds
statement by statemert through the program. There
are circumstances where it is necessary to alter
this sequential flow of the program. Conditional
statements permit the choice between several courses
of action depending on whether a specified condition
is met. If the condition is met, one segquence of
statements is executed. If the condition is not met,
another sequence of statements is executed.

condition E £

i
secquence_of sequence_of_
statements_1 statements_2

Press NEXT to cortirue
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adds this
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Display 2
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the left
.side of _.
figure and
darkens the
right side
te
ecrrespond
with new
information. .



Screen Print 4: Explanation of “IF" statement syntax

The syntax of the if statement is:

N~
if condition then
- seguence_of_statements_1
else
sequence_of _statements_2 -
end if;
When the corndition is met, the first secuence of

statements is executed, and when it is not the
second sequence is executed.

The condition is any Boolean expression, such as

X <= B

- Press NEXT to continue
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Screen Print 5, Display 1: Example of "IF"™ statement -

Al EXANPLE:

This is an example of an Ada function that uses the
if statement to return the values, TRUE or FALSE,

- depending on whether a weight is within a given
ranga.

function CHECK _WEIGHT (U:WEIGHT) return BODLERN is

bepin
I if W in WEIGHT ranpe 398..416 |
return TRUE; R
else
return FALSE:
end if:
end CHECK_MWEIGHT;

Irn this function, if the weight W is within the accaptable
range, then the function returns the value TRUE.

Press HEXRT to contirnue
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Screen Print 5, Display 2

AN EXAMPLE:

This is an example of an fAda function that uses the
if statement to return the values, TRUE or FALSE,
depending on whether a weight is within a given
range.

gmgt fon CHECK _WEIGHT M:UEIGHT) return BOCLEAN is
egin
if § in UEIGHT range 398..4108

return TRUE;
else

return FALSE;
end if;

- an

In this function, if the weight W is within the acceptable

range, then the function returns the value TRUE.

If the weight is not within the acceptable range, then the
function returns the value FALSE.

Press NEXT +to contirue

Display 2
removes
first bex

b and then
boxes the
lower
information.

Display 2
adds this
sentence.
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Screen Primt 6, Display 1: Exercise using "If" statement

AN EXERCISE:

Youl will assist in writing a function that computes
daily pay. If the day worked is either Saturday or
Sunday, then the pay computed should be 1.5 times the
normal wage.

function COMPUTE_PAY (H:HOURS; W:-UAGE; TODAY:DAY)
return DOLLARS is
begin
if TODAY in SATURDAY..SUNDAY
return 1.5 « H = i)

refurn H = I

end COMPUTE_PRY;

Enter the keyword that follows the condition in an if
statement.
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Screen Print 6, Display 2

AN EXERCISE: -

You will assist in writing a function that computes
daily pay. If the day worked is either Saturday or
Sunday, then the pay computed should be 1.5 times the
normal wage.

function CONPUTE_PAY (H:HOURS; MW:WAGEs TODAY:DDAY)
return DOLLARS is
begin
if TODARY in SATURDAY..SUMDAY then
return 1.5 * H » W

refurn H=*U \
end CBHPUTE_PH?ﬂ : Upon

completion

of Ffirst

f directicn,
second

direction

Enter the keyword that precedes the second sequence of
statements in an if statement.
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Screen Print 6, Display 3

AN EXERCISE:

You will assist in writing a function that computes
daily pay. If the day worked is either Saturday or
Sunday, then the pay computed should be 1.5 times the
normal wage.

function COMPUTE_PAY - (H: HOURS; W:UWAGE:; TODAY:DAY)
return DOLLARS is
begin -
if TODARY in SATURDAY..SUNDAY then
return 1.5 = H = W
elgse
return H + U
end if;
end COMPUTE_PRY:

Good, wou have completed the coding of the if statement!

26'7

Feedback

for correct ..
answer
appears.





