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n‘- ( Abstract -
= '\'_?Two experiments to teach Ada in Computer Science classes are
e reported, It is concluded that Ada should not be taught simply
! as another progremmina language, Instead, Ada should be embedded E..
: within, and taught as a tool for, a coherent program desiagn {f
g rethodology. A continuation of the second experiment cortinues {f
éuring the Fall 80 semester, _ iy
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This report is divided into 5 sections:

1. Summary -

Tnis section contains a sumrrary ot the lessons learned from

the experiment and the conclusion to be drawn, .
| B 2. hoa -
- -
7y This section discusses features of Ada from the point of s,
teaching difficulty,

)

3. Discussion -~

\-':
, This section discusses the recommended approach to Ada and
A
l! contrasts it with traditional approaches to teaching prooramming L
languages. i
e ), _,
- : )
= 4, Course Summary — Lo
This section contains more complete intormation on the
= courses taught during the Fall °79 and Sprina "80 semesters. It i
| concludes with a discussion of the course in proaress, Jn/ : Byl
foe= ) ; -.:‘-n.
| E £
;"‘ C::




Teaching kda Paqge 3

S, Motivation

This section contains a 1 1/2 hour presentation whnich
! ouvtlines a program desian rhilosophy and provides a motivation

for nany of the constructs of Ada,
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n !. Sunmpary f%
. This section presents a summary of the lessons learned from ;ﬁ;
= an experimental project to teach Ada in (a) a first year Computer ;f
! Science graduate class and (b) a Junior level class is program {i

design, 1t also includes the conclusion drawn from the o

experiment,

1.1 Lessons Learnead

é' Rda can be a ditficult ianouagé to teach, There are 3 main ki

o problems, :

a. Ada has & number of teatures which make it confusinag,

i These should be given special attention by the instructor. ;;
(Section 2,1 lists some of these features,)

b. Ada is a formidable lanquage, The presentation of Ada

] should simplity it for the novice user, (Section 2,2 [:

presents an approach to such a simplification,) o

Ei €. Much of Ada is intended to support & program desiar ;;4
== philosophy rather than programming as such, These features F
ij are difficult for students to accept if presented simply as f:
k% programming constructs. (Sections 3 and 5 aiscuss this S
e issue.) ' i;i
‘E d. In order to teach Ada as a design language it is first gﬁs
= necessary to develop a coherent approach to proarar desiagn. ﬁﬁi
i t: No such approach is availaﬁle in concrete enough terms to ij
' permit its teaching. (Sections 4.2.3 - 4,2,.6 address this Sﬁ;
; issue, The current semesters course btegins to rectify the ;ﬁ:
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i situation,) E

i €. 1ln order to teach prodarar design, it is necessary to teach 5

j program specification, Design cannot reasonably be tauaht

i : in a vacuur, 1f there is no specification, there can be no AS

- . design == for there is nothing to be designed if there are .
no requirements from which to work., So to do a ccrplete
job, it is necessary to develop a complete methodology [-
leading, in an inteqgrated way, from reaquirements toc desiagn, R
Ada would be most profitably taught within such a full

| - program cevelopment framework, (Section 4.2,8 addresses -

this issue.)

= Res
C b=

.............................................................................................
.................................................
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of {8

H 1.2 Conclusion il

. Ada shoulc not be taught as just another programming R

-

™ langquage, 1Instead, Ada should be presented within the context of

b2 S
© a

E a2 well developed program design methodoloav.
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2. dda iﬁi
| "
B This section discusses features of Ada from the point ot s

o view of difficulty of teaching, while a number of features of
-_ Ada are reviewed, this section is not to be taken as an overall )
evaluation of the language, 0Only those aspects of Ada which are

potential teaching trouble spots are mentiocned, This discussion

is based or preliminary Ads and does not reflect changes made in |
final Ada.
i & This section is divided inte 2 main subsections: ;34

2.1 Difficulties in teaching RAda
2.1.1 General Features
' 2.1.2 Specitic Features

2,2 A view of Ada to facilitate teaching.

' . 2.1 Difficulties in teaching Ada

2.1,1 General Features

C Ada has the following general features which make its o

: teaching more difficult. |

a. Ada appears to the new user to be too big a languace. %
Without guidance, the new user may feel lost in the large
nurmber of design concepts and prograrming features Ada
ofters, The new user needs help in determining which are
central to the lancuage and which can be put off uptil

K needed,
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; n b. Ada programs tend to be quite lengthy (i,e. wordy), anc for _.“
{ : that reason, more difficult to get one’s hands arcunc, ;fi
; ES C. Some of Ada’s features are difficult to understand, E:ﬁ
i = d. A supportive programming environment does not yet exist, ;i
e Ada is enough of a challence to the new user by itself,

i The environment must not make it more difficult to work &
| ; with Ada, B
b 2.1.2 Specific Features
L [
_ The following specific features make the teaching of Ada iig

more difficult,

! 2.,1.2.1 Multiple instances of similar thinas oy
L@ i
E:* Ada provides rultiple ways of developing many f;
i K instances of similar things, ‘:’f
i a) Arrays of objects {
ii b) Eamilies of tasks and packages .
Eo c) Eamilies ct entries L
2 d) lostaptiations of generics ke
e) Multigle.abhlects declared to be the same type iﬁ;
l~k It mray be confusing to the new user why there are 3?3
2 ditferent means tor achieving similar results. In all of 5;2
Ef these cases, ore is dealing with multiple instances of §3ﬁ

similar objects, Yet each of these features has its own
individual properties which must be learned by the new

E_ user,
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i It right have been easier it packages and tasks were s
types, for example as in SIMULA, instead ot objects. One 515

%i would then use them by declaring cbjects to be of the

desired package or task type, This would eliminate the
need for families and for many of the uses of generics.
2.1.2.2 The overloading of languade constructs,

Some of Ada’s constructs are used for multiple
purposes,
2:1.2.2.1 The keyword ME&
‘ The keyword HEW is used for three functions @

a) Allocation: T:= XBEs TREE ;

B b) Derived types: IXRE A IS MEM INTEGER ;
¢) Generics: BEOCERURBE SWAP 1S NEk EXCHANGE(CHARACTER);

These three uses of MEx occur at three ditferent ;;ﬁ
"times" ir the processing of a program: run time,
elaboration time and compile time respectively., The use of ii:
the same word in such difterent situations may tenc to 3“
confuse the new user, One of the difficulties new users W

frequently have with programming languvages in general is in

keeping clear the distinction between the various phases in

the processing of programs, The use of a single keyword e

for all three situations may compound the ditficulty.
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Ef 2¢1.2.2.2 The reyword QuEN
The Keyword LBEN is used tor two functions @
| a) CASE constructs
p) SELLECT constructs

A confusion might arise in that one ot these
} constructs is deterministic and the other is

pseudo~non=deterministic,

2.1.2.2.3 The keyword BESIBICIED

The keyword BESIBILIEL is used tor two functions:

a) Visibility from inside a module to other modules;
b) The restricting of private data types fromr use in

assignment or tests for equality.

These two tunctions are quite ditferent, Again, the

use of a single term may be contusing to new users,
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u 2,1.2.2.4 The RACKAGE construct

~. The RACKAGE construct can be used for multiple
purposes, All are valid uses and do not subvert the intent

! of the construct.

a) A replacerent for named common;

b) Libraries of subroutinesi data tyres and constants:
¢) kncapsulated data types;

d) lsolated modules (e,q. @ "symbol table");

e) Co=routines;

£) An alternative to record=structured¢ data types;

g) Abstract Machines;

h) Levels of abstraction,

It might have been better (at the risk of expanding
K the language still further) to identify sore ot those
ftunctions explicitly and provide individually named program

objects tor thenm,

2:1.22.5 The symbol =>

The symbol => i{s used for a number ot functions:
a) CASE constructs
b) SELECT constructs

C) Object initialization

L e

d) Parareter passing

e) Representation association
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The tirst two of these are control) functions: the
second two are assignment functions; the last is a general
assocliation tunction, While the first four are also
assoclations, their operational uses will probably
predorinate in people's thinking., The use of a8 single

symbol may be contusino tc new users,

2.1.2.2.6 The keywords ERE and USE

The keywords ELE and LSE appear in the machine linkage
statement: EQE ... USE... « They also have separate
functions elsewhere in the lanquage, Again, this may be a
source of contusion. In this case, however, the difference
petween the functions is so great that the confusicn is

less lilkely to be severe,

2¢1.2.2,7 Summary of Overloaded Constructs

The i1ssues discussed in this subsection were all,
presumably, deliberate desian decisions. They may be good
decisions; but they are alsoc potential sources of
confusion, 1If the same word or construct is used in
multiple places, new users tend to believe that they are
dealing with the same concept, 1In some oOof these cases,

there may be a risk of significant contfusion to new users,

.............................
.............................................
..............................

R
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2.1.2.3 Frivate Data types

| packages and tasks, L

(4

L Compilation reaquirements force private data types to AN
< be declared in the visible, specification portion of NS
yad

A

T

This is confusing in that it is nrot clear:

S

' B a) fror the point ot view of the packaqe user, in what way -

the private type is hidden==since it is plainly visible;
b) from the point of view of the package specitier (i,e,

the person wpo rrovides the reauirerments specification fﬁif

tor the package), why it is necessary for him to specify ]

those data types, AS the person responsiktle for

defining the functional cavabilities of the private 54:
type, he is not supposed to need to be concerned about .ﬁﬁ
gy

it*s implementation, Yet the private type must be N
declared in the specification portion of the packaage, 4353

- e

2.1,2,4 Subtypes and derived types T
1t may re a scurce of contusion when one should use a - o

subtvype and when a8 derived type, 1t should be made clear

that the only reason to define a subtype 1s to impcecse a

range restriction on an existing type == jf it {s, in tact,

correct to make that clair, Derived types, in contrast,

have much more significanct uses and are motivated by
nigher level methodoloqical considerations. Yet the two
type aeclarations appear so sirilar that this significant

difterence in their use ray be lost on nev users, SRR
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2.1,2.5 kange Expressions

It ray bpe confusing in which contexts range
L] expressions are permitted, They may be used:
S a) 1n array declarations and elaborations,
1 b) 1ln array slice operations.
i: : ¢) 1n subtype, derived type and anonymous type

declarations.,

d) In obtject initialization,

e) In FCR statements,

f) In tlocating point and tixed point declarations,
g) 1ln recresentation specifications,

h) In reterences to families,

It would be useful to develop a rule of thumb of the
form "range expressions are permissible whenever ,,. ."
Perhaps the blank is truly filled in by "whenever
convenient,” Expereince so far suggests that this might be

the case, Wwe have not had sufficient experience tc enable

us to make that assertion with complete confidence, See
2,1.2.,10 for an arrarent exarple of a situation ir which a
range expression and a type name for that ranae expression

are not treely interchangeabole,

2,1.2.6 visipility: the keywords EES1RICIED and LSk

The visibility features may be a source ot cortusion

to rnew users, The keyword BLSIBICIEL serves both to

ISR SR WIS B Yol el Bl Ul T ¥ Yl W U T T N TV SIS TR U B S A RPN I A ST VSR LS SR TN Sl S SR . SN
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restrict visicility (trom the normal ALGOL scope) ano
extend visibility., It may be confusing that Eestricted
visirility is in some ways greater that unBestilicled
visibility.

The ULSE clause may also cause trouble, Its utility is
not as great as one might expect, The USE clause is to be
applied only to modules=~unlike PASCAL’s &llb or SIMULA's
JUSBECL. S0 it is not a general "unwrappino® function. On
the other rand, USE does not extend visibility in any way,

Its advantage is minimal,

It mioht have been better to make the modules

‘ mentioneé in a BESIKICIEL list USEJD by default, unless

otherwise specified,

i< . 2.1.2,7 Programs and libraries

One of the most frequent questions new users ask about

Ada is: what does a complete proqranm loox like?

.,.
v .
P P
2l
Yy 'y ey
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u' It is a source ot confusior that there are no objects
called "programs", The library environment is a new concept

and needs careful explaination to new users,

u
2.1.2.8 The term “"gverloaded"

The termr "overloaded" was a poor choice, "CUverloaded"”
connotes to most English speakers an unacceptable
condition., An overloaded operator in Ade is not

- unpaccertably hburdened or arpiguous, The mechanisr which
r

supports overloading is very useful; the term itself is

confusing,

2,1.2.9 Advanced programring features

o Ada includes a number of advanced proqQramming features
[ which present some probler in teaching. Wwhile these
constructs are important, they do take some effort to

master,

2.1.2.9.1 Exceptions

The mechanism of declaring, raising and fielding
exceptions and the associated flow 0of control are

unfamiliar to most mrrograrrers,
s 2010209.2 TaSks

The creation and use of tasks are new concepts, New
. students must raster concurrency, oueuves, asynchronicity,

........
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-,

pseuao=randorness and thelr appropriate uses,

2.3.2.,10 Array declarations

1t is vunclear when, ano to what extent, array bounds

must pe ceclared, For exanple:

lype vector is.array (1..10) of integer;

v : vector:; ~= {s apparently ok, but

Suptype index Js integer rapge 1,.10;

Iyae vector is.array (index) af integer;

v : vector:; == {s apvarently not legal
== pecause the array tounds
== are not declared., Yet

lype vector is

Becord
size : canstant index;
v ¢ array(l,.size);
End.Becords
v : vector; == {s ok without declarina

= a3 value for size, anc

v ¢= (10,(1,,10 => 0)); == {s legal as |is
v 2= (100,(1,100 => 0)); ==~ immecdiately afterward,

It §is not clear just what does have to bée Kknown at
elaporation time, (These examrples are tror b, weqrer,

Erogransing.din.dda.)
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o
.

w7

2,1.2.11 Elaboration time

Most programmers are familiar with the concepts of
compile time and rur time, 1n Ada, the concept of
elaboration time becomes eaqually important. This is a new

concept anc may be a source of confusion to many new users.,

2.1.2.12 Token disambiguation

It a token, for example GREEN, is declared in two
types, for example color and tratfic=light, it may be
necessary to specify which GREEN is intended in certain
situations. The notation created tor that disambiguation
is: Ccolor(GREEN), This functional notation is reasonable
when considered as an extension of the notation for type
conversion., As pure disambiguation, however, it is really
quite awkward since no function is being arplied, 1t might
have been better to use the dot notation, color.GREEN,
since this notation is used elsewhere for referential

disambiguation,
2.1.2.13 The Geperic Facilities

The facilities for generics are among the most confusing in
Ada. Generics are neither pure macros nor are they
pre=compiled modules. The notion that generics are
compiled "as much as possi&le" creates difficulties,
Non=local references in the body of a generic are bound in

the scope where the generic is compiled, Yet parameters to

[ —Se——
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aenerics are bound in the scope where the aeneric is
instantiated. And, of course, parameters to the resulting
object == jif it has parameters == are bound in the scope
from which that pbject is referenced. 1ln all three cases,
objects are bound, but the scopes in which they are bound

are difterent,

Secondly, generic declarations are ugly and hard to
read, The attempt to pass function specitications as

parameters just does not look intelligible,

Third, qenerics may not be powerful enough, Consider

a generic integration function (wegner, p.157):

geperic (fupnctiop F(X: FLOAT) returp FLOAT)
fupction INTEGRATE (LOW,HIGH: FLOAT) returpn FLOAT 4is

If the user has defined:

Lype RADIAN is pex FLOAT;

fupction SIN(x:RADIAN) return FLOAT is ;
will the compiler accept:

fupction INTEGRATESIN is pex INTEGRATE(SIN);
To do so requires that it keep track of the derived type
chain leading from FLOAT to RADIAN == not a difficult job,
but an added burdon. 1f the new function is accepted, will

the parameters to it be required to be RADIANS or will

arbitrary FLCATs be accepted?
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n’ Finally, generics are a weak form of a needec

facility, see 2,1.2.15.

2.1.2.14 The Lack of Dynamic Types

= Dynamic types could make Ada a much more flexible Eeor

language for many purposes,
2.1.2.15 The Lack of Eval/Execute/Functional Parareters Sl

For many purposes it is necessary tc be able to
perform cne of the three facilities: passing functions
dynamically as arouments, an "execute" facility or an i

"eval" facility. In the particular example examined in the

Sprinc ‘80 class, it was very awkward not to be atle to
construct a procedure/function/command and then to execute

it. See 4,2 tor more details,

...................................
........................
___________________
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i u 2.2 A view ot Ada to facilitate teachinga

Ada features may be divided into four categories:

@) ALGOL=like programring language teatures: the standard
parts of the language,

b) Programmer conveniences: renaming, range operations,
parameter passing by formal parameter name, etc,

€) Advanced computational concepts: exceptions, tasking, some
of the object declaration features, etc,

d) Design motivated features: modules and associated

mechanisms, the typing facilities,

These categories call for difterent teaching

approaches,

2.2.,1 The basic language

The ALGOL-like part of Ada may be taught in the standard
way. It wculd probably be a good strategy to introduce
experienced programmers to Ada through this part of the
language so that they develop an initial sense of corfort and

familiarity with it,

2.2.2 Programwer conveniences

These should not be taugbt at all, An attempt toc teach
these will only overload (in the bad sense) the students. The
language will appear too big and with too many features, .

These programmer conveniences may be mentioned casvally in

......................................................................
______
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i = passing it the opportunity presents itself, ﬁi
| W

; 2.2.3 Advanced features B
l v The advanced features should be taught semantically. B

(See section 3 for a discussion of teachinc strategies). There
are four steps:
a) A prokblem is presented which cannot be conveniertly

Solved with stancdard features,

i b) A discussion follows of the general form of the sort of r
= oo
E programming construct needed for that probler, b
ii c) That general=form programming construct is used to solve .Ci:
the problem in an informral, pseudo=dialect of Ada,
_i. ' d) The actual Ada construct is introduced. P
5 In this way the need for the construct is developed ﬁ
i [ first. Second, its use is demonstrated and integrated, ol
g Sy
: Only then is the student asked to learn the specific :
details of the construct.
- Since the real-time, and other advanced features of s
f Ada will be significant in determining its success or
} failure, these should be tauaht with areat care.
: =

......................................................
.................................
....................................................................................



,,,,, T A T T T e N R L e T S B L R o R e R T T T TR T T T T TV T T I T TR TR

,i i;—:'l‘e'ach:lng Ada Fage 23 )
i 2.2.4 Desian features r.
| wg The desian features of Ada are very important to its ;ii
successful use; they should be well tauaght, \
| = o
The Aca design features should not be taught as %
programming constructs., In and of themselves, they 6o not
contribute to the operational solution of a programming .-

problem, The declaration of a derived type, tor example, 7

does not bring a program any closer to achieving its

; r‘ operaticnal goals. '“
The most reasonable way to teach the design features

of Ada is first to teach a design philosophy. Only then

should one introduce the teatures of Ada which suprort that
bt philosophy. Section 3 elaborates on this concept turther, i
Section 5 is @ 1 1/2 hour presentation which sets the stage :'I:
| =5~

1 ,
. for such an approach, g

\ -

I v
il
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B 3, Discussian.ci.Straregies.tor.Jeaching.brograncing

The teaching of programming has evolved throuagh trco staqges,
~ Curing the first stage, the teaching was syntax based; cduring
F the second stage, the teaching was semantics based, 1t is

suggested that to do an adeauate job of teaching 2da, & third
approach is recuired., In this approach the teaching shculd be
design based, This section provides a brief review ot trese

three teaching stratecgies,

3,1 Syntax kased Teaching

The original approach tc teaching programring terded to
i focus fairly heavily on the syntax of the programming languaae
under discussion, Students were tauvght the torrat of the
statements in the lanquage==i,e, where the commas go, and the
. ruleés tor torming variable namres, It was implicitly assumed
that once one could write syntactically valid statererts inr a
languaace, it would be easy to write semantically meaningful
programs, Of course this approach was not successful, O0One
can teach a student the syntax of a languaqge and he will still
have no idea how he should use any particular construct or

even why the construct was invented in the tirst place,

- S e e .. R S
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3.2 Semantics Based Teaching

In reaction to the failure of the svntax based arproach,
= teachers developed a semantics based teaching approach. Usina
this approach one focusses explicitly on the semantic concepts
availavle in the programming lanauage, The syntax is brouaht
in only as necessary and as & vehicle to express the

semantics,

r Using this approach, one would teach the semantics ot .
looping, for example, and ther discuss the DC statement (in —
Fortran) as the syntactic construct to be used to exrress

[ looping, Similarly, one would discuss the notion of rrogram .
variables (as, tor example, names of boxes into which values

e can be put) and only secondarlly discuss the rules concerning

¥ the spelling of variable namres, .

It one follows the semantics based approach to teaching
prograrming, one can usually qget across the main features of a
t programming language by considering the following aspects of

the language,

a) Objects and Data Types

wWhat are the rree=defined and proarammer detinable,
. prograr accessible, objects which the lanauaace makes
avajlable. 1f they are grouped into classes, what sorts of

thinos are they and what oc the classes represent., That
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is, what are tre data types, if any. i

- b) Operations ‘fi

= what operations can be performed on these obijects. In )
what ways can they pbe manipulated by facilities tuijilt into
the languaqge, Normally these include at least the

arithmetic operations and assiqgnment, )
¢) Control Structures
what facllities does the languaqe provide for 'nﬁ
organizing and controlling the operations.
d) 1lnput/Cutput
what facilities does the language provide for i
comrunication with the outside world,
e) Other fFeatures

what other tacilities does the language provice, This
cateaory includes services provided by the language as well
as lanquaae features like visipility rules and parameter L'

passina modes,

. 3.3 Desian Pased Teachina

1t one were to follow the serantics tased approach to

teachina Rda, one would find that areas a) Crijects arc e)

LI, LI SN R S S S UL L G R DR P VI P R A A I O UL e 'll I' - N I' ; l ik i I A I‘ I
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u Other Features had grewn considerably trom even closely

| related languaeqes like Pascal, Category c¢) Control Structures
would also have grown, but to a much lesser extent, Compared
to Pascal, for example :

a) Upjects include an enormous amount of new information about
data tvpes, There is an entire new "time,"” elaboration
time, in the processing of proqrams which becores
important,

¢) Control structures include tnhe newx contrecl structures for

t exception handling and tasking,
e) Other Features inclucde a qgreat deal ot new intorration,
including packages, scope rules and all the proararmrer

: conveniences defired in Ada,

.

In order to teach Ada successfully a bigher level approach
is needed. For just as syntax alone is not sutficient for the

rotivation and use ot serantic cecnstructs, the motivatior and use

0f the Ada design constructse=esrecially the new inforration iIn
categories a) and e)==is not generally evident fror their N

serantics.,

FT AP SR 4

3,3.! Teaching Strategy ]

o Syntax was the initial focus of teachinag procrarming
because without correct syntax, one cannot write a proqgrarm
. which will run, Because of that underiarle fact ct life,

~ when the teachina tocus shifted to sermantics, syntax still el

had to be accormodated, 1The accorrodation is simrple: |t ﬁfé

MR R R TR W G TR N W ey

y 7
y
=
f
y
R




MY RUEA

r

r
)

»
-
.
>~
P

T T ——— - TPyT—— 2 g L PP

~ey 1

Teacring Aaa Page 2¢

is exriained tnat there are syntactic constraints in
writing rrograms and that they will be explained, rut that

they are on a8 lower level c¢f importance than semantics.

A similar approach may be followed in a desigr based
approach to teaching, 1It is explained that the srecific
sermantics of Ada rust be understood in order to write
correct Ade rrogramrs, but that it is the design ccncepts
that drive the use of the semantic constructs (in the same
way as it is semantic concept which drive the use cf

syntactic constructs),

3.3,2 1ne Fundamental Desiqn Constructs

What are the design concepts? There are a nurber of
design qualities which are now generally considered
important for progrars, The two most inclusive anc highest
level are understapdahilliiy and garrecipness., If a rrcararm
posseses both ot these qualities, most ot the other desian

gualities follow,

In addition, it is just these two rasic desigr
qualities which motivate rost of the Ada features not tound

in most other languages,

Rasically, the teachinag approach to Ada should start
with understandability and correctness as basic
requirements, These requirements should be used to derive

design tecrrioues such as strona typina, data type

',' ,‘. .v' . .‘
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encapsulatior, modularity, information hidinc, levels of
apstraction, etc, (nly as motivated by these design
techniaques should the specitic features ot Ada be rresented
as means tor their implementation, Section S presents a
talk which provides a design=based mctivation for Ads
constructs. A video tape presentation of the talk {s
availabple from the Aerospace Corporation, E1 Seqgundo,
California. 1t was given there as a special forur on

program cesign,
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4, Beport.on._CoursesLftered Eall.’29,.S01i08.208Eallanil

4.1 First Year Graduate Course in Programming Langauge Semantics

(Fall ’79)

4,1,1 Course Crganization

Ada was included in a first semester, graduate course in
rrogramming languace semantics. Normally, the course exglcres
operational models ot several programming lanauages, This
serester arout half the time was spent discussing Ada. The
SIGPLAN versions of the Freliminary keference Manual and

Fationale were used as texts,

The topics scheduled along with their associated sections of
the manuals are shown in table 1, Only the first seven torics
were actually covered in class, The teachino approach reported
above had not been developed by the time the class was taught,
The actual class was organized rore along the semantic lines than

along design lines,
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Tatcle 1

1. Types

2. Staterments/Operations
3. Suproutines

4, Exceptions

5. Fackages

6, Nulti=Tasking

7. Generic Types

. Library System

9, Input/Cutput
10,Numbers

1t.Program

note 3

R = Rationale

P3,R4,R6
F4,P5,R3
P8,P6,R7,R9
P11,F11,R12
P7,P8,R8,R9
P9,R4
P12,R13
P8,K9,R10
P14,F15
P3,R5

P1,F2,R14

P « Preliminary Reference Manual

muTbers shown are section numbers

TTF TR TV, wY e
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: n 4,1,2 Ada Interpreter in Ada
| o It was originally the intent of the course to teach Ada by
. r;
| e developing an Ada interpreter written in Ada. That goal was not
| | achieved.
The arproach to that project was to presume the existence ot
8 parsed Ada program avajilable in the form of a parse tree, The
job of the project was toc write a program which would take that
i ; parse tree as input and execute the programr it represents.
&
| 4.1.2.1 Rerresenting the parse tree
[
b e To explore Ada "types" we examined the problem of detining a
| ' type NODE to be used in rerresenting the parse tree,
Our approach to representing the parsed proaram tree was
' 1) to create an access type called NODE to represent each node:
5 and 2) to follow the grammar more or less directly from the
:E:f ranual,
.E_.‘
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IXBE LEFT.HAND.SIDE.SYMEOL 1S <All the left hand side

grammar symbols>

dXBE NODE 1S ACCESS

BECORD

NODE.TYPE : CONSIANI LEFT_HAND_SIDE_SYMBEOL;

CASE NCDE_TYPE QE

BHEL <LEFT.HANDL.SIDE_SYMBOL> => <R1GHT_HAND.SICE>:

LA => L
L => se e

EXD CASE

END BECORD

where <RIGHT.HAND.SIDE> is represented as follows depending
upon the form cf the associated grammar rule. The following

shows the various allowable forms of grammar rules,

S T S it At 2 ., LS % 0
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‘n 1. Grammar rule A => B C D ,.. E L

it MHEL Clause: E

WHEL A=> BECOED 53

BLPART NODE(B)

C.PART

NODE(C)

C_PART NODE(D)

E_PART : NODE(E): o

Ll]

Tgr. v, ®
v "o
e
P
e A
6%

| END_BECOBD

oY
Ll
Wik
2. Grammar rule A =>B | C | D Rk

BEEK Clause:

n
oE

LBEN A => OFFSPRING ¢ NODE(B | C | D)

3. Grammar rule A => Terminal

-

BEEL Clause:

C BEEX A& => LITERAL : STRING P
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\
{ u 4, Arpitrary repetition (indicated by *{’ and *}’ in the Lt
i s
: grammar)., ok
i A => (B} is represented by e
| m : :
o LHEN A => JEBAX(NATURAL) DE NCDE(R) ..
o (Note that any constructs of the form {A,..B} can be
_. replaced by {C} and C => A,,.B.)

™ 3

Y 5. Optional components (indicated by *[’ and °)’ in the )

arammar are always included in the node. (1f the component
i ! does not exist in the actual situation, the value of the "-"'
component is simply Lull).
l ‘ 6. Key words are not included in the tree., (Their purpose is to o
g permit parsing.) }

, & 7. Minor liberties are taken with the grammar to simplify the
i B situation. "'I;
r o
) € B
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As an example, consider rule 5.4 in the grammar:

IF.STATEMENT

dE <CCNDITICN> IHEN <SEQUENCE_OF.STATEMENTS>
{ELSEIE <CONDITION> IHEL
<SEQUENCEL.CF_STATEMENTS>}
[ELSE <SEQUENCEL.COF_STATEMENTS>]
ELR.IE?

The node type representation is:

LHEK IF_STATEMERT =>
IF_PARTS : ABEAX(NATURAL) QE
BECQARL
CONDITION_PART ¢ NODE(CONDITION);
THEN.PART ¢ NODE(SEQUENCE.OF.STATEMENTS)?

EXD_BECORD

Page 36

]It seemed clear after working with the grammar for a while that

JXBE node could be defined., It also seemed clear that actually

to do it would be a8 long and tedious job,

...................
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ﬁ 4,1.2.2 Fepresenting the Run=time Fnvironment :ﬁ
1 Next we attempted to define a "type" to represent <eneral 3‘
> Ada objects to be kept in the execution environment, It turned &
- out to be a difficult job. The type became so complex that we '
gave up,
ol 4.1.2.3 Use of the Ada Rational ’_
The remaining sessions were spent going through the
= Feference Manual and the Rational, The Rational was a excellent ;"
PS text for discussing both Ada in particular as well as issuves in fes
: the design of programming lanquages in general, o
-

4.1.2.4 Use of the AdaTE Facilities
Mary attempts were made to use the AdaTE test translator, E?

i . he lackec familiarity with it and with the various interrediary L'
ﬁ t systems required tc gain access to it, Wwe were never atle to o
rake constructive use of it, 2%
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4,2 Junior Level Course in Prograr [lesian (Sprine and Fall ‘8()

Tnis was the appropriate course in which to teach Aca,

Although the first trial was not perfect, it brought to light a

; = nurber ot points which should be incorporated in future courses,
S 4,2.1 Background to the Course
§
t The intert of tnis course is to teach program design to
students who rhave & reasonable facility «ith proaramming tools.
L It tollows twec years in which students learn the basics cf
!

3 _ rroaramring. It has as prerecuisites three Sophormore courses and
three Freshman courses.
Lreshzapn_Eeguirenernts
lntroduction to Alaorithrs
5 ,i A first course in programming using a higr level
lanquagqge,

Intrcduction to Computers

———
,
"R

A first course in computer craanization =« §i,e,

assenblv language rprooramming,

r—‘-vvvv-
RARACAR

vata Structures
An introduction to data structures and their

implementation,

SQELOoEoIL.ELQUILERLDLS

T TR P

Computer Oraanfzation

hitd

An introouction to computer organization and
systens rrograrmirg, Students write a sirple

assemb:ler and an eruylator for a PUFP11 tyre

~ \<...~.."_._~ T .. "w“_' - . . e et e
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machine,
Concepts ot Proaramming Languages
A survey of programring language concepts and

facilities as provided by a variety of hioh level

programming lanquages.,
Intrcduction to File Craanization
k An introduction to the storaqe of large amounts of
information outside the direct control ot &

program,

This backqround aives our Junior students two solid vears ot
training, They rave been exposed to most of the hasic tcols ot
programming. 1hey are taught tor down desian and structured
prograrming techniques as part of their norral proaremring

?f courses, This background would cuality them for jobs as proaram
| implementers: aqaiven a description of a desired module (requiring
ur to about 500 lines of HCOL code), they could design anc rroduce

& reasonatle irplementation,

, These students have not had experience with large programs,
The proarams they build in developring their assembler/enulator

grows during the semester into quite a tig program, #Fut the

separate pieces are aiven to ther one by one, They de nct have

to worry too mucr on treir own atout how trey fit togetrer,

4

-

‘; . The Program besian course in which Ada was used is intended
b to teach technigues tor cealino with progrars too larae to keer
- " in one’s heao all at once., This seems to te the perfect course

*; - in which Agda (as aistinct, tor exarple, frem Pascal) is uniouely

T R T N S T S e S PP SR SR PRI B L P AN . rT s
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valuable, Ada‘’s PackaqQe construct is ideal for large fprograr -
cesign, 1n addition, it is just this sitvation == i,e. in which
the proarar uncer consideration §is too big to hold in one’s mind

all at once == tor which Aca was desianed, =

4,2.2 Course Ertrance Test

Althouah the prerequisites to the course are tairly rigorous, it
cften is the case that students do not core fully prepared, In
an atterpt to calibrate the level of preparedness of the

students, the tollowino examination was given,

Students were given cories of Chapter § ot (weaner], They
were tolc to read sections 1,72,4,5,6,8,9,10 and 11 from that
t chapter, They were told to write down any specitic items they
¢id not understanc, They were tcld they would be quizzed on the
raterial., The next week, they were told to hand in their list of
[ § questionarle iters, Then, with no assistance they were given the

followina quiz,

I P
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SLIZ )
i

i - Answer the following cuestions. It any rertain to any ot

Ez the items you nave marked as not understandakle, mark that

i 2 cuestion "deleted,” You have 2C minutes. The quiz is oren bhook,
{ Erocesure Sirple=add ds

X,¥,2: inteqger:

2 beais

; ' get(x):

cet(v);

Z 1= X+y!

put(z);

Engd

1. The variables x,y and z are
(a) local variables to the procedure;
(r) formal pararmeters to the procedure; )

(¢) global variables to the proceaure;

"

« The character "." mreans
(a) subtraction

o

(b) rotning; it is part of the pame R
=

]

3., vhat does the construct "2 ,, 10" in the followirg mean

N
‘ -\

(A) 2 raised to the power 10
(b) tre range of integers from 2 to 10 irclusive Ty

(c) the range ot real nurbers fror 2 to 10 inclusive, .
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4. In
brocegure Sort (a : Jip gcus vector) Jis
the words "in aut" rean

(a) the vector a is not originally sorted

0
(p) the vector a ray be accessed by the procecdure
and may also be chanced by it
(¢c) the vector a ray have components interchanged by
the gprocedure,

'

A

‘

'
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o
ata’ala
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------------

5. The hasic programr unit in Ada is called & “"prograr® and
is cererally of the fornm
Begin
<declarations>
<statements>
Engd
(a) True

(b) False

6., The formal parareters tc a functic., ray be declared Jin
aur and ray be roditied ty the function to return acditional

inforration to the caller ¢of the function, (True cr False),

7. Consider:
Backage Mathotunctions ds
funcrion sin(x:real) reiurn real
fupcticn cos(x:real) reiurp real
function tan(x:real) reiurp real

Eung

The above rackaage specification gathers togetrer the names
ot tnre functions sin, cos ard tan, 1heir actval definitions
are taken frorm the nath licrary of matr tunctions as cart of

the run=time support of the language, {True or False)

8, An operator is overloadec 1if
(a) it nas more than one interpretationr

(p) it has too many interpretations,

9, 1he rejationship betweer a package scveciticatior and a

,..
P
P AT

PN NN
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pacxkage hboay is
(a) trhe body detines the things that were declared in
the specification
(b) the body uses the things that were declarec in the

specification (as a procedure bodv uvses the parameters

and local variables),

106, 1f a data type is declared prixate in a package

specitication, it is

(a) avajlaple tor use ry the
are not directly accessitle
(h) not avallskle for use by

(c) avallable for use by the

by the detiner,

11, A task {n Ada {s
(a) a proarar unit whick can
other rroqram units
{p) a well deftined corponent
project which can be set off

sterwise retinement apgroach

12. An accegplr staterent perrmits a
(a) data from another task
(b) conrtrol tror another task
(¢c) kroth ot these
{d) rejither ot these

(d) all ot the above

user, but its components

the user

user if given perrission

Tun concurrently with

0t a large proqgranmrina
by itself using the

to gproaran desigr

task to accept

Yy

ad
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ﬁ 13. The purpose of the construct Eaié

|

: Select 3

sben <condition> => accent ... b

R

v o

- k.

i kben <condition> => acCeBi .. o

End Select 5

‘ (a) to enable a task to be available for calls trom b
; . multiple users of the task :
| B (b) to select the one (and only one) condition among X
| = .
| .

all those indicated which is Irue and then to perform ot

2d the accert statement associated with it,

1

The students were told that this test was not goina to be 23
WA used in determining their final grade. They should consjider it 52

as a readiness examination., The level of this course presumes

that they are rore or less capable of reading the assigend

material on their own and deterrining what they did understand
and what they c¢id not understand, It turnec out that the test ,ﬁ
was a fair predictor, The students who scored below 7 generally =
got C°’s or worse, All the A’s in the course were earnec by

students who scored 10 or better, But some of the high

i T e

1 = performing students fell off later and one of the poorer scoring W
i B b
students did earn a B, Q?
| B '
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’u The results of the test were:
hunber.correct Muzber_of students
= 13 0
! 12 3
: 11 0
10 4
9 5
8 10
i 7 5
| =
4 6 G
| 5 3
- ; 0
ha 2 1
; - 1 0
o
U Hs 0 0

-~ 4,2.3 Intendec audencies for courses in Ada,

There are probably three types of audiences for serious Ada
courses == i.,e, courses which are more than just a brief
executive overview of what Ada can do for a large system, These
three audiences are: programmer managers, experienced

programmers and novice programmers,

In at least the first two of these cases, it seems that the

e .
T

;g appropriate focus should be on the large scale program design

issues: proarammer managers should certainly be concernec about

B Ay e TETTAI 44 e wma

...............
..................
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'n program desian; experienced proqgrammers generally have cesign as a2

their greatest weakness, Novice programmers, however, need more

'
- l. . e

. e
53 53 51 4
Ceratels

;ﬁ than design; they need the experience of writing concrete

r programs, Otherwise they don’t develop a feeling for what ?i
o programming is all about, But even in this case, the progranm
design philosophy should infuse the more concrete prodramming

ideas tauant, 5 

So the aquestion becomes: hcw does Ada work in a course in g

;l Program Design? i

4,2,4 I'ifficulties in Teaching Proaoram Design

The primary ditticulty in teaching program design is that

_ll.
'l

there is no clear definition of what a proper program desiagn

should be, 1t is much easier to teach programming than program

2

T 7"‘ 'r
PR R

design in that one can at least run the prcgram and see if the

. .'
] 2 <4 a
.
JF B

..'-
!l

answer is right., LCesiagn is much more gualitative: one cannot

4

Fl
P asE

LN o &
L

give an auvtomatic test to apply to a desian,

¥
B

ST O
" O

In addition, we have no standards for design., Wwe have
developed standards for programs: sinale=entry/single=exit

i control structures, hierarchical module structure, "small" module

i

size, strongly typed data object usage, etc, There are not

"
‘l'-n
[

similar standards tor design, So the two basic problems one
tfaces in teaching design are: Ed
B 1) what is a prograr design?

1.e., how would you know one if you savw one?

2) what qualities characterize good proaram designs?

..............................................................................
..........................................
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The first question is the most revealing. There is nc
agreement in the sotftware community as to what one is prcducing
when one does sottware desian, There does seem to be agreement
about levels of desian, There are two: architectural or top
level and detailed., There also seems to be agreement about a
characteristic of cetailed design: it can be turned intc a

program with a minimumr of effort,

But the important question is about the architectural level
cf design, Here there is no consensus, It is interesting to
note that the LoD has standards for program specificaticns (all
rrogram specifications must be written in a8 certain format) and
for programs thermselves (all programs must be written tc certain
formats), But there is no standard for design: anything

apparently will do.

In wegner’s 869 page book, "Research Directions in Software
Technology (Ed., by P. Wegner, MIT Press, 1979) there does not
seem to be one definition of what a software design should be,
In the software engineering literature there is little aareement
about desian, There are the notions of "Top Down Design,"
Structured besign,” "Michael Jackson Design," "Parnas Design,"
and others, To a great extent, these are as much cesign
technigues as cesign definitions, As techniques, one cén infer a
design definition implicit in them., However, their goals seem
for the most part to be to find ways to produce code in an
orderly manner., This is ditferent from an explicit goal of

producing a design itself as an end product, Most of the work in

.............................................
...............
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i; n program design, then, seems to take the word "design" as a verb -—-
E 5 (ang hence attempts to define a process by which one designs and
:% codes programs) rather than a noun (in which the design itself is

i " a desired product). And, in fact, one hears a areat deal about =
*progranm desiar methods" and a lot less about "program desian ﬁ?

standards."

3 =
' " 4,2.5 nhat is a desian?

A desiagn is a description of the thina designed, A design
I - shows the structure of the object, According to webster’s a '3

cesign is: “a plany" "a delineation," "a preliminary sketch,"
"an underlying scheme that governs functioning, developina,

‘ unfolding," "the arrangement of elements that make up a structure -

N S BTRS Ge h e
ik T
¥

Oor a work ot art,"

Software design is a description of the structure and
tfunctioning ot software, what is necessary to show that? There
are at least four sorts ot structures relevant to software:

i control, cata, interface and framework, A software desicn must

-

delineate all four,

1) Control structure,
) ' Control structure is the most familiar of these notions to those
involved with software, The control structure of a piece of
o software is the paths which the processor(s) which perform(s) the

] i software may take throuah it,

b B8 TP

o 2) Data Structure, o

The data structure of a piece of software is the ways irn which

LS I
v -
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data is stored within it and the paths which data may tfollcw .._..
z throuah it, ;?
N 3) Interface Structure, f_
! The interface structure of a piece of software is the ﬂ
| orgainization of the interactions between the software and
elenents external to it, ;
i
4) Framework, ?&
Beyond these three sorts of "flow" structures, there is a fourth, ;é;
- and perhaps more important structure, That is the structure of iﬁ
E the framewor# of concepts and definitions upon which all the E%i
s others are based, It is this fourth level ot structure == the i%
i static, skeletal structure within which the others function == ﬁ%

that is at the heart of design,

: It is the goal of this course to teach program desian, where 'ﬁﬁ
L . -pul-t

desian is defined in the terms just discussed. o]

A

<

4,2,6 Lessons Learned about Teachina Desian

%f 1) Stuéents have a hard time developing a feeling for 'what =
g one wants in a desian, ;E
f'“ 2) Students have a hard tire producing a design in any sort i;
; of logical way. Often they seer to "guess," i.,e, to write down Sﬁ
- sorething without an understandina of what it means, :3
C 5

3) Students have to be taught about the notion of a black

tox module.




FTea~nine Ada Faae 51 5
n 4) Aca is a useful language to use for expressing scftware hes
‘»—
design. ZEQ
5) It is necessary to teach system specification before f:
o teaching ocesign. It is necessary to teach syster reguirerents :
definition befcore teaching syster specification.
6) It is very difficult to use Ada (or any formal language) &
withcut an easy=to=use Processor. ‘f
[ 4,2,7 Problem Assignments -
| »
I k
4,2.7.1 First Assignment :
The first assionment was to specify packages for the "pile,"
i ‘ "tree," and "counter" objects introduced in the "proaramming e

rethodoloay" talk (see Section 5.),
ADSXELS

Backage CCUNTER.PACKAGE Jis
1ype.COLXIER.is_private;
) Brocedure Increment(c: in gut COUNTER);
Brocedure Reset(c: out COUNTER)?

Eupctiop Value(c: COUNTER) Betuzn REAL;

-

Brivate Iype COUNTER is pex INTEGER;

End COUNTERLFACKAGE;

Backage Tree.stuff lis

Iype tree is.priyate; ;ﬁ

Brogcedure_tear.ip_halflta_ipn tree, 1,r: gut tree);

...................................................................................
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Procedire discard(t: lp.oul tree):
kupcticr is.leaf(t: tree) returr BUOLEAN;
Eriyatle Lype tree ls access
Becord
tree.or.leat : (T,L):

Case tree_or.leat gt

'Y aY-3. 0 SIS J) PG SN S o of -7 )

WBER_ Lo b.2.2223222 _data 2232322

end_case
#’ ' eD4-Lecors

epng treeostutty

Rackage Pile dis
use treenstufi;
Lype plle is.prduate:
tunctlion is.empty (pirile) reiurpn toolean;
Brogcegure reset (p: in.out pile);
Bracegdure putoon.pile (t: in tree, r: ip.gut rile);
Rrocedure oull.offopile (t: gut tree, pr: in.ouL rile);
Briyate.rype stack dis
ALrayil..loul._gf tree;

eng rile;

Althouaoh the assignrent was for the students to qgive only
the specifications for the three packages, the bodies were worked
cut in class, The class seemed much more cortortacle {if they
covld see how the booles would work, Utherwise, they felt a lack

cf concreteness, (It should be noted that although the example

R “;"- T

EUR e . . W . LT - - Cat -t T . - c.
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!

ir section S5 mrade use ot @ "pile" data tyre, this solution -

defines the single pile reguired as an encapsulatec data object,)

Backage.body COUNTEK.PACKAGE 4is

Brocedure lncrerent (c: Jln_gui COUNTER) Js
- begdr ¢ = c+1 epng;

Bracegure RESET (c: lb.gui COUNTEF) s

t Begip.c ia_l.end’

Eunciion NALUE_ Lci COUNIERL Keturn REAL Jis

s Begin. keturp ¢ epg:
i
% &pnd Counter_FPackaoe;
f - Backage.bggdy tree.stuff ds
{ tupction is-leat(t:tree) return BOOLEAM 4S -

t.tree.or.leaf = Ly

Brocedure trear.inohalf (t: Jp.gui tree, 1l,r: gul tree)

. B is

Eegdn >

Assert.pot is.leat(t); i
. 1 := t.1;
r = t.r;

end tear oin.halt;
proceduzre discard(t: Jlp.out tree) is
t = pull;

£ng tree.stutt;

Bacsage.body rile ds

tupgcrtice is~enrty (pipile) retures boolean Jis

top = 03
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Lroceglre cutoon.plile (t: ip tree) dis _JQ
Legin .4%
top $= top + 13 .};
P(top) := t; :J
t := oull; ¥
eng;

procedure pullooff_pile (t: Qut tree) Jis
begib *_}

assert top > 0y

pracegure reset is top 1= 0

a0
"
[=]

~e

top ¢ lnleger.range 0 ,, 100

¥ eng pile; -
4,2.7.2 The Secong Assignmrent

The next assignment was to do the same job (i.e, create

packages) for another problem, This problem was one that one of

e a4l

the other instructors uvses in his versjion ¢t the class, He has

written a set of notes for the class, {Gilbert) Those notes have

teen used as a class text, so we used some Oof the problers fron
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For this purpose, the corpany has put together a list of names
and aodresses, and has hired the Random Sarrlinag Cc., to interview
the peorle on tnis 1ist every month., Peocrle on the 1list will be
groupred into tcur cateqories, according to their age (age < 20 or
ace > 19) awnd sex (male or female), so that the company can

exaring the various grours who buy thelir records.

"tach prerscen orn the list will e askec to state which
records of the Tor Forty he or she would rank ist, 2nd, 3ré, ...
str, 10th, This intorrwation toocether with the interviewee’s name

ard address, will be punched on cards for inpvut into & programrm,

"The proaran is desired which will process these cards and
print out various lists:
(a) to tird cut which records are popular
(1) a 1ist of the Tor 40 titles, in alphabetical order,

with the number of times the title was mentionec,

(2) a 1list of the 10 most popular titles, in order

of their vpopularitv,

(b) to finc out who are the best recora custorers
(3) a list of all peorle who mentioned at least % out

ot the titles in list 2

(4) four separate lists (one for each of the four
categories), eacn list naminc all interviewees in the
cateqory who ranc ist one of three titles most popular

»ith reorle in the cateagory."

LSnan Siase suan 4 TNy e—
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u Bgain, the sclutior was found by tirst oenerating ar
intujitive solution == including &8 cate flow graph, Ther the
cbjects and operations in the intuitive solution were to be

rarped onto Ada packages,

.
It turned out that all that was needeo was a single packaaqge
with the tollowingo types and operations.,
Iypes (Private)
Title, Response, Person, lable.of.titles, Table.of.People,
r Tarle.ot.Fesponses

Laeratians
Sortotitles(li.QUl Table_of.Titles);
Add.to.tentions( iz Responses, lp.gut table.of.titles);
Calculate_popularity( 4in takle_of.responses,
do.gus table.ot.titles);

pick-bestochoosers(ip title-table,

ipn response=~table,

oul peorle.table);
pick.nost.representative_of.category(ip title_tatle,

dp resronse.table,

sul peorle_tavle);

4,2.7.3 Exercise apd Quiz on data structures e

It turpred out that the students in the class had a much 571
recorer packarounc in defining data structures than they shoula
have had, ve spent a gocd part of the next tew classes working o

on data structures and on 2Ada facilities tor their exprression, <
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P S PeY

[ Followina that, this cuiz testea what they had learned, -

LLlz

L "v-'.-’ Lt
B P
drdnabatin avninindeedian oo e

This quiz rerresents a package to keep track of intcrmation
aprout stuocents, teachers and courses, The three data tyres are

defined:

Iype student 15 access

R -Ya¥ab s

name : strina?
current.gras: apa;
urits.attenpted, units .passed: units;
vgdatec lserester;
courses: array (natural) of course;
== 3ll courses ever attenpted

end.record;

Lype course 1s access

record
nare: ticket;
= 3 5 diait ticket number
teacher; instructor;

offered: semester;

== al]l sections ever otfered are kept {in

the data bhase
students: array (ratural) gt S
record :

person? student;

1
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evaluation: grade
== entered at the end
== 0of the course
engd.recards
end.recorg

type instructor 1ls access
Iecors
name: string;

title: rank;

courses: array (natural) of course;

engd.zecord

package school.info is
Lype student Jis priuate
Lype instructor is priuates
Ltype course is prixvatel
type ticket is privazes
Lype sermester is prixatel
Ltype rank is privatel

fupnctdop find(name:string) return student;
function find(name: string) return instructor;

fupction find(nbr: ticket) reflId course;

procedure vpdatenstudent(person:
tire: semester);
srixate

L¥RL.LEDELLS wcewe

student,

Fage 58
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u type.ticker s ... 7 =
2 type semester 4s ee. !
K end_schogl_infa :
Lt Rackage.bogdy school.info 4s b
Lype node ls acgcess ;
zecord =
tree.type: gopnsiant. lstudent,.. ipnsirucior.
£ouIsesl2
& case tree_type of f
kben students => value: students; ﬁi{
wben instructors => value: instructor; E??
uben courses => value: course; =
end.case A
KA
left, right: node := pull; .33
K end.record | s
student.root: node := pull"
instructor.root: node := pull;
=
course.root: node := null; o
fupnctiaon find i1s pes gen.find(string,student);
fupctiop find is Hes gen.find(string, instructor);  ass

fupnctigop £ind is pex

gen.find(ticket, course);

procedure update (person: student, time:semester)

":' 18 seo e :
[’ epd school.into;
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u Guestions s

pEy 1. The types student, course, and instructor could just as
well have been defined as non=access types (true or false:

explain your answer),

2, Complete the definitions of the type ticker, 1t should
be with a8 subtype of intecer or a derived type, Explain why you e

are makinag the choice you do,

k. 3, Create a definition for the type rank (in the instructor
type). It snould be an enumeration type which can take cn values

of: Asst.prof, Assoc.Prof and Full.prof.

‘ 4, The package body contains three trees similar to the
symbol table tree in the the syrbol table package in (wegner, p.
e 143), In shcool.into there are trees for students, instructors
i .: and courses. A single node type is defined with a variant record

structure,

Rewrite the function tind (wegner, p.,143] so that it takes a
student name as input and returns the student if found, If not "o

found, the value null should be returned. ;?

5. Since there are three trees with identical structures, it
seems reasonable to use the same find function on each, But
since Ada enforces strong typing, problems arise: %3‘

a) the input to two of the tind functions are strincs 4

(instructor name and student name); the input to the other “R:

find function is a ticket number (for course), g

.....................................
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(b) the results returped are of three different types:
student, instructor and course,

This is an jideal situation in which to create a geperic function,

Modify the answer you gave for (4) so that it is a generic
tunction., The two aeneric parameters are (a) the type of the
input to the function and (b) the type of the output., Name the
gceneric fucntion gen_find so that the find functions as defined

in the package body are correct.

6. Complete the Brocedure update, The inputs are as shown,

Processing:

1., Look through the list of courses associated with the

given student.

2. Select those whose "offered" copmpnent matches the tierm

parameter,

3. Update the student’s uvnits_attempted, units.passed and

gpa by each such course,

4., Update the student’s "updated" component to be the inut

parameter,

¥vnich aocditional type parameters have to be completed? Show

how you would define them,

dpsuers

...........................................
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' hAccess types are regquired to permit objects to point to
other objects. Students, courses and instructor all point ot one
f: another, 1t the types were not access, each of these types would
‘ § have to be embedded within the definitions of some of the other
4 types., E.g., Courses would have to be embedded within students.
But students wculd also have to be embedded within courses.
2. Derived type
e type ticket is nex integer rapge 10000 ,. 99999;
.

- Don’t want to permit ticket numbers to be confused with

other sorts of integers,
3, t¥pe rank is (Asst.prof, Assoc.prof, Full.prof);
4, Need to change proaram in the book to compare

n < n.,value.,nawme

| & This tested the understanding of records and access types.
lL 5. Generic (Iype 5,F; EuncIion "<"(u,vis) Zerusp boolean)
E l tunctiop gen.find(name: S, root: node) return R is
i E‘ ninode := root.type;
'.; iy begdin

o end;

Ny

r 6. Brocedure Update ...
| B

...............
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4,2.85 Reauirements anc Specifications

After reviewinag as much of Ada as was indjcated, it seemed
appropriate to back up and look at the problem again. (The
problem is hows to design programs,) The design problem is, of
course, embedded in a laraer problem: the prodgram life cycle,

ke spent some time going over the standard watertall chart,

In order to oo a reasonable 3job of program development, four
tasks are reaquireg:

1) define the user’s needs,

2) specify the computer system which will fill those needs,

3) design that system,

4) code that system,

The explicit goal ot the ccurse is to teach technigues for
step 3, But there really is no way to do step 3 in a vacuum,
There is no way to design something without knowing what it is

that has to be designed,

Eeguirexenis

ke spent some time figuring out what user needs ("requirements")
were, wWe used as an exarple proktlem, a travel agency system,
The system should be able to set up trips for travelers, It
would have to deal with interconnection, travel preferences (e,g,.

meal types, time contraints, etc.) fare calculations, etc,

We spent some time investiacating a requirements statemwment

for the problem, It was a very useful exercies for the students

..........................

-----------------------------------------

...........
..............

AT - B i -Rite Stk =it e S i il



.’_' -

Teaching Ada : Fage 64

u" to see how much information has to be developed, Y

we developed a general framework tor a document in which to

express reguirements., BRriefly it included: :;3
F 0. Document Overview and Conventions

l 1, Uperational Context: purrose, goals and world model,
2, Data Requirements

3. Functional Requirements i‘;
4, Intertace requirements

5. Human Factors

6. Performance: timing, sizing, loading, accuracy o2

< 7. Other Constraints x:i
S

I We didn’t incluce a section on standards because the gt

standards are not really a part ot the program specific
- information, All systems should be designed to essentially the
[‘ same design and programming standards. 1f necessary, there

shoulc be a general reference standard which can be invcked, e
\ &

Speciticatians

Since requirements were fairly far from the design problenm, n?é
we went on to discuss specifications, For that we used the same
document format as for the requirements but included in it systerm
;f specifications rather than user goals. The essential differences

between the requirements document and the specification cocuments
E are:

1) The requirements document is written from the point ot view 5?3

of tnhe user, It speaks in user domain terms, in English,
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about user dorain issues; discusses cata and operations
with respect to the user organization; and has as its
overriding goal the expression of the goals of the user and
his organization,

2) The tormal specification is written from the point ot view
of a independent outside party. It speaks in mathematical
terms anc in predicate loqic notation whenever possible;
discusses data and operations in formal terms and with
respect to precisely defined interfaces; and has as its
overriding goal the ‘expression of a precise description ==
i.e., specifjcation == of a syster which will satisty the

goals in the reguirements document,

4.2.9 Final Exercise

One more exercise was given in the course, 1t was a variant
on the matchmaker problem, We uiscussed the algorithmic problems
involvea and then concentrated on the user needs == i.e, we
considered what an actual matchmaker business would like to have,
rather than worrying too much about the computational complexity

cf the general problem,

4,2,10 Final Froject

For the final project, the students were required tc desiagn
8 probler for which Ada is not well suited, The problem is to
build one or mcre packages wnich an application programrer could

use in developing specific application programs,

...............................................................
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we decided to design a general graph handler to model
possible user interaction paths, It was also necessary to define
a general input tvpe checking module, Here Ada was not easy to
use unless one wanted to build generic modules, 1In addition, we
wanted to pbuilé ftacilities to construct calls to unspecified
input processors, Again, Ada was cifticult to use because the
cdetails about the input processors would not be avallable until
after the prrograr was written, That inforration would be
Frovided ry the application programmers, Ada is not very
sujtaple in that one cannot build procedure calls dynarmically ancd
then execute thern, The problemr was worthwhile, however, since it
did leaoc to some useful packages, For those situations in which
Ada was weak, we specified augrented capabilities which would
make the probler easier, That too was a useful exercise in

specification,

The general outline of the design has tive packagqes,

Terminal Screen. This packaqe 1s a speclitication of the user
terrinal screen, The actual screen is assumed implemented

in hardware,

Terminal Keyooarc., Tris package specifies the user keyboard,

Terminsl Handler, This packaae handles the user input, It
groups together input characters according to forrats passeo
to it tron the graph nandler, It accumulates a nurmter of
“items” in specified tormats and within specified ranges,

FEach such collection of itenms corresponds to a single

PO P N L) e B e e B A, FURE M PR U U AP UG S
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i s1 "screentul” of intormatior -« e,q, perhars & form cr a -
collection of responses tec a renu, If the user incut does
L not match the regujired tormats, the terminal hanaler

. r interacts with the user to help him correct his mistakes.

f wnen the user input is comrlete, the terminal handler hands

the input ccllection over tec the qraph handler,

i : Graph handler, This package is the central controllinc part of
the systern, It follows the user arounrd the paths provided

by the aprlication programmer. Each application provides a

graph which indicates the possible user interactiors, Fach
node of the araph is associated with a sincale user
interaction sub~session handled by the terminal hanrcler,
Fach such node has a collection of items assoclated with it,
These iters, and whatever prorptina material goes along with
ther, is passed to the terrinal handler for display to the
user and for cata collection, 1In many cases, a node {s a
meny requiring a selection by the user, 1In other cases, a
node is a teorr to be tilled in by the user, 1In all cases,
the graph handler receives the input back trom the termjinal
handler, It then packages that inforration as arqurents to
a procedure call associated with the node and calls that

procegure. e

Graph Data Rase, This rackaae {s the data base in which the :?k
various graphs are stcred, Each graph corresronds to an
application package ard is not known to the syster ahead of -;f

tire. A qgrarr may be any seauence of nodes and ecaes
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sirilar tc a8 graoh gramrar. That is, 1t may have subgraphs
associatec with some of jts nodes, For those nodes wrich

corresponc to user selection proints, e,a. menus, the

A ol Mk an s g an ongn I aet)

rultirle edges leading out of such nodes are labelled, The

user input is used to deterrine which exit edge to follow,

hApplication lLirrary. 17This packace represents the aprlication
rackages, It nras one entry for each arplication rpackage
operation == an operation is associated with each user
interacticn node ard is called by the graph handler after
receiving input from the user, The system does not Know

about these operaticns aheac ct time.
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4,3 Tre Fall ‘80 Semester Course

buring the fFall °80 semester the same Junjor Level Ercgram

Cesian course is again beinag taught, The course is follcwing the

recormendations outlined in this report, Since the course is

still in progress at the time of this writina, a final conclusion

is not possirle, The basic outline ot the course has ererged:

Fart 1.

A,

lx‘

In this part ot the course, a qreat deal of emphasis

is rlaced on two toundation stones:

Fundarental Programrming Techniques, These include catea
structures and recursive programrming, For the most part,
this is review material and is covered ty the course

prerecujisites,

Formal! Specifications. 1In this part, the erphasis is on
predicate calculus, A qreat deal of time is spent on
specifying progremrs formally and distinqQuishing between
what one does in specitylng a program versus what one does
in realizirng, or implementing, a program to satisty a
specitication., 7This is a relatively new corcert tor the
students and it takes ther a while to catch on, It is
also fairly difticult tor them to aet a teeling fcr a
specification langaudge and what {t rmeans to be precise in

making specitications.,

In this part of the course, studenrts are introduced
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u to tne tasic ideas of program proofs, They are tauqht how -
to take a specification and a proposed realizaticr and !g{
then prove that the proposed prograr does, in fact,
irplement the specification, While the basic idees behind o
proaran verification are introduced, the course does not
a*terpt to teach the subject in any depth, Prograrm
verificetion is used as a8 motivation for the neec for
precise specifications and tor well oraanized

implerertations.

Procarar verification does serve as a aocod bridge,
For students who are corfortable with rroaramming, the
idea tnhat a specification can pe linkea to rore familiar
objects (i.e. programs) helps them understand the
difterence between specifications and proarams anc also

helps them develop a facility for writing specification,

The nasic ideas pehind the detfinition and use ot
abstract cata tyres in sveciticatiorns are covered in this
part of the course, The talk trom section 5 of tris
report is typical of the raterial covered in Part 1 of the
course. The book: Jones, C.R,, Sgiisare_lexelornenti_..a
Bigorous_Agproack, Prentice Hall, 1980 is a reasoratle -

text for this rart ot the course,

PAKT 11,

In this part ot the course, the tone chanqges

draraticallv, Part I was auite formal and had a gocd deal
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of notation., 1t focusses mainly on small progrars and
their specitibations. In this part, the course
concentrates on requirements and specification for large

systems, Again there are two parts,

Requirements. In this part, the idea of user recuirements
is covered. Reocuirements are taught as the user’s view of
what the intended system should do for him, Reaouirements
are stated in user domain lanquage, are about user qgoals

and present the user’s world model,

specifications, In this part, the idea of formal
specitication, as covered in Part I, is arplied tc large
systems., In Part I, only small functions and operations
were specificied, Here, systems which are large enough to
need requirements are dealt with, The main topics are (1)
how to translate requirements which are stated in user
domain terms and are about user goals into more forral
notation and lanquage, and (2) how to trace fron the
requirements to the specification tc be sure that the
goals defined by the requirements will be met by the

system described in the specitication,
I11

The earlier parts of the course do not have a great
deal of emphasis on Ada, Ada is used as the example

programnmina lanauage in Part I, (But Ada is used more or

less as pseudo=code or as a variant of Pascal ané no
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attempt is mace to teach Ada per se.) 1n Part 2, the
notion of Ada packages is introduced on a very informal
basis when it is necessary to express external system
specifications., But again, Ada as such is not central,

In this third part, BAda is much more important., 7This part
ot the course is about system architecture, and the Ada
package facility is the lanquage used to express

architecture, Once again, there are two Sube=parts,

The Package/Module Concept. Here the packaage construct is
introduced tormally and the visibles/hidden distinction
erphasized. A lot of time is spent discussing the various
uses to be made of packaaes, and it is emphasized that
these uses correspond to different sorts of design
components., The main design constructs discussed are:
encapsulated data types (abstract cdata types are taught in
Part 1), encapsulated data objects, abstract machines,
lipraries, tasks and levels of abstraction. Each of these

concepts iIs discused and its use developed,

System Desiaon. In this tinal section of the course, the
desian constructs just discussed are joined toocether with
the forral specifications of Part 11 B to show how large
systems can be desianed and rigorously justified, 1In
effect, this part of the course shows how large package
specifications (i.,e. the sort of specification resultina
at the top level ot an entire syster specification) can be

broken down and irplemented in terms of lower level

g b e k0
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n packages. This process of "package stepwise refinement" iy
is taught in terms of the package desian constructs b

> presented in Part I1IT A of the course. e
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‘a S, Introduction to Ada Program Desiagn kMethodoloay

The presentatior which follcws demonstrates a program design

= strategy which is supported by Ada. It focusses on the concepts -
! of Intormation Hiding and Abstraction., The presentation shows how r_
the recommended methodology would be carried out on a particular
;' program design problem, It is not the intent of the presentation
tc tocus on the problem itself, The probler is only a vehicle for ;
presenting the design strateay, f-.‘-‘.:
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