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SPEECH
BY
DR. ROBERT R. FOSSUM
DIRECTOR
DEFENSE ADVANCED RESEARCH PROJECTS AGENCY
AT THE ADA DEBUT 4-5 SEPTEMBER, 1980
WASHINGTON, D.C.

I'm really very happy to be here today. I enjoy coming to
convocations of this type and seeing o0ld friends, and I'm
especially glad to see Bill Whitaker. I can remember working
late at night but I never worked any later at night at ARPA than
my colleague Bill, when he was in his office working at a
terminal on the various thirgs he had to do as Chairman of the
High Order Language Working Group.

I asked Bill Perry why in the world he wasn't able to be here
this morning and he said, "Well, I have difficulty with
accountants; I have a hearing on the Capital Hill that I have to
go to". Then he told me a little story related to the
accountant syndrome. He said, "Do you know, Bob, about 100 years
ago during the Civil War, when R&D was in its infancy in the U.S.
Army, the problem of surveillance was severe. The Army was
testing a balloon borne observation system up northwest of
Washington. A bright young Army officer was the pilot of the
balloon, ‘'Areostat', it was called in those days. He took off
one afternoon on a test flight. These balloons are teathered,
except on this day the teather broke loose, he drifted through-
thunder clouds of great magnitude doing his best to land in some
sort of controlled crash. He finally succeeded, drifting down
and landing on the White House lawn. It turns out that Mr.
Lincoln at the time was having a Cabinet meeting. Seeing the
balloon come down and crashed, they ran out. The first person to
arrive at the gondola of the balloon was a very distinguished
looking gentlemen. The balloon pilot looked up and said (he was
rather dazed),"for goodness sake where am I?" The gentleman
-answered, "Why you're on a green grassy lawn, of course". This
took the pilot by some surprise, and after a few minutes of
absorbing that profound statement, he said," Are you an
accountant?"” The fellow said, "Why yes, how in the world did
you know?" And the pilot replied, "Because the information you
have given me is perfectly accurate but utterly useless".

This little story, I think, reflects Bill's frustrations at
not being able to be here today, and I bring with me today his
best wishes. He is very much interested in this program, as you
all know. He is interested in joint programs with NATO, with the
Western Alliance, and he feels this language is one of the
successes that is coming about in our increasing efforts at joint
programs.




I want to extend my personal congratulations and the
congratulations of Dr. Perry to Jean Ichbiah and the Ada Design
Team for a job well done.

We at ARPA are very happy to have been part of the DoD
effort to develop this language. As most of you know, the
programming language modernization and convergence effort is
coordinated by the High Order Language Working Group, or HOLWG,
which includes representatives of all three Services and the
Defense Agencies. The German and United Kingdom Ministries of
Defense have sent liaison members to the HOLWG. The Services
have provided the money for the Ada development, and full time
participation by some of their best people.

The Ada program has benefitted from international
cooperation beginning with the requirements definition process,
and continuing throughout design, test and evaluation. I note
that at least nine countries are represented in the audience
here today. Experts from the U.S., United Kingdom, Germany,
France, and other nations including Japan have contributed to the
design effort. By working together, it is my opinion we have
developed a much higher quality product for our common use than
any of us could have developed. Juch cooperative development
programs are an effective way to counter what we in the
Department of Defense believe (and we believe it is a mutual
perception), to be a massive Warsaw Pact investment strategy
which constitutes a real threat today.

Achieving more effective armaments cooperation within the
Western Alliance is a major goal of this administration,
especially the Undersecretary and the Secretary of Defense. The
Ada language is certain’y one of the significant accomplishments
in this major thrust.

Today I would like to share with you my view of the
significance of Ada to the Western Alliance, highlight some of
the factors which have made this program a success, and summarize
DoN's plans for the Ada phase-in period. i

WHAT IS THE SIGNIFICANCE OF ADA?

We in this Alliance must take advantage of our lead in
various technologies, in particular computer technology, to
maintain the balance of power. The Soviets have historically
held a quantitative advantage in deployed weapons. In the past,
we have had a qualitative advantage, but that advantage is now
eroding in the face of massive Eastern Block R&D investments.

These challenges are formidable. But we have some distinct
advantages as well: we have a superior technological base, we
have a highly competitive industry with greater productivity, and
a substantial industrial base necessary to capitalize on the
technology base investments.




Our approach is to expedite the development of systems based
on technology in which we lead. We have an asymmetric advantage
which can produce a distinct military advantage. Two such
obvious technologies in the tech base today in this country and
all through the west are micro circuit technology and computer
technology, which are, of course, closely related and mutually
reenforcing,

‘Military systems of the future will incorporate much more
flexible and intelligent control logic. For example, new
surveillance systems will have sophisticated algorithms for
detecting, identifying, and locating targets; command and control
systems will be able to pass target information to fire units
very rapidly, essentially in real-time. We will have even more
capable precision guided weapons than we have today. We will
also be upgrading existing tanks, aircraft and other weapons with
intelligent digital control systems to extend their useful life.

Thus, the Ada program has been an effort to provide a high
qualdty common programming language for these critically
important military systems of the future.

—— &
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Our goal, however, has gone beyond merely designing a
quality programming language. The usefulness of a language is
determined as much by the stability of its specification and the
size of its user population as by its detailed technical
characteristics,

It takes several years to accumulate a significant
collection of software tools to enhance the productivity of
programmers using a language. Developers of applications
software cannot afford the time or the money to develop large
tool kits, so they are for the most part constrained to use
existing tonls. Quality tool kits are only available for the
most popular languages. 3

Even in very primitive environments with almost no tools,
there must be a compiler for every high order language. The
benefits of using proven compilers for applications developments
are especially compelling. It takes a while for compiler
implementors to refine their products, find the most efficient
algorithms, and eliminate residual errors.

Our approach to training is also greatly influenced by how
widely the programming language is used. With a widely used
common language, experienced programmers are available to work on
new projects. Hence, development projects do not have to pay for
training and for the mistakes which are inevitably made by
inexperienced programmers. Furthermore, training can be viewed
as a long term investment in future productivity; since during
the course of.their careers, programmers will work on a variety
of systems in the common language.




The goal, then, is to have a language which is both of high
technical quality and widely used. The military has been a
successful catalyst for new standards in the past, most notably
with the COBOL language in the early 1960's. In the Ada effort,
we have tried to involve the widest possible community from
throughout the Western alliance so that technical requirements of
all our real-time and large systems applications would be
provided for in the language design.

WHAT ARE THE HIGHLIGHTS OF THE ADA DEVELOPMENT?

The Ada development has been both a modernization and a
convergence effort. The research and development community had
developed important new software techniques in the late 60's and
early 70's which DoD project managers wanted to use. Among these
ideas were: structured programming, the ability for users to
define their own data types and have compilers enforce type
consistency, various high level and structured approaches to
parallel processing which reduced the risk of deadlocks and
improved system reliability, and the separation of external
interfaces from implementation details to enforce modularity.
The separate specification of external interfaces is especially
important for standard reusable software components.

In 1975 and 1976, each of the Services was proposing to
develop a new prooramming language incorporating these advances.
In discussions with our allies, we learned that these pressures
were not unique to the U.S. The IFIP Working Group 2.4 and the
Long-Term Procedural Language-Europe Group, among others, had
already begun the process of consolidating the advances so that a
new common and widely adopted standard language could be
developed.

Given the benefits from language commonality which we just
discussed, we decided to establish a single joint program to
develop a common language. The U.K. Ministry of Defense assigned
a liaison officer to work full time with us in the United States
formulating language requirements.

We could not afford the risk of having this language
designed by anyone other than the best designers in the whole
world. Who that should be, however, was not immediately obvious.
There were several strong candidates.

The solution was to hold an international design competition
based on widely reviewed and agreed upon requirements. Our
objective has been to have the widest possible participation in
the identification of requirements and the review of interim
products, but to have a single designer responsible for the
internal consistency and integrity of the language design. As
you know, the team headed by Jean Ichbiah, of CII Honeywell Bull
in Paris in cooperation with the Honeywell Systems and Research
Center in Minneapolis won the competition.
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The debut today and tomorrow marks the succesful completion
of extensive test and evaluation of the language design. During
the past year, a signficant number of applications algorithms
have been recoded in Ada. We have received more than 900
language issues, reports and comments. Jean has refined the
language based on the results of these inputs, and will be
presenting the proposed Ada Standard in a few minutes.

e

HOW ABOUT THE FUTURE

We are now entering the language phase-in period. A DoD
joint project office is being established to maintain the Ada
Standard and to coordinate service implementation and training
efforts.

We want to begin using Ada in exploratory development
applications as soon as possible. Hence, test compilers are
being developed for these pilot applications. New York
University will deliver an interpreter for the complete Ada
language and submit it for validation testing early in 1981.
Carnegie-Mellon and Intermetrics are working together to deliver
a complete test compiler by the summer of 1981.

The Army and Air Force have already begun to develop
advanced development models for Ada compilers. The Army has
choser. SofTech to develop its compiler, and they have started
work. The Army has a particularly pressing need to begin using
Ada to develop battlefield systems, so everything possible is
being done to complete an implementation with code generators for
the battlefield computers by mid-1982. Capabilities of the
existing operating system environment are being used to expedite
the development of the required minimal set of programming tools.

The Air Force effort aims to produce a compiler which is
embedded in a self-contained, vendor independent, portable
environment in accordance with DoD's STONEMAN specification.
There will be a competitive design phase involving two c¢r three
contractors who are being selected at the present time. The
designs will be delivered in Spring 1981 and the system in 1983, *

Both the Air Force and Army compilers will be written in
Ada, and will be delivered with the essential programming tools.
When the initial designs ar delivered to DoD in Spring 1981, DoD
will select and specify sténdard interfaces between the
environment and the programming tools. Contracts will then be
renegotiated to insure compliance with the interface standards,
and to achieve the maximum amount of practical commonality
between Army and Air Force efforts. '
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The Navy is waiting for these activities to stabilize before
developing a compiler which is unique to Navy systems. They
expect to make substantial use of software developed by the Army
and Air Force.

Elsewhere, there are a number of compilers already under
development in Europe, Japan, and as proprietary ventures by
industry. In particular, the German Ministry of Defense, the
United Kingdom Ministry of Defense and the Council of the
European Communities have compiler procurements already underway.
We in DoD will coordinate closely with these efforts.

At the present time, we are assuming that Ada will be used
in a variety of diverse envirenments, and that our goal in
standardizing internal interiaces for initial DoD compilers and
tools is simply to make the most efficient use of our development
resources.

We intend to establish policies which encourage the private
sector to innovate in Ada software and in computer hardware to
run Ada programs. An important step towards that end is to
provide the stability necessary for private industry investment
and non-defense use of the language.

The proposed standard document is being reviewed under
American National Standards Institute canvass ballot procedures,
and we hope that there will be an ANSI standard for Ada in the
near future, ANSI will be submitting the Ada standard to the
International Standards Organization to establish an
international standard for the language.

We intend to take a variety of steps to encourage the
widespread use of Ada. The compiler validation test sets will be
available to other governments and standards organizations, with
appropriate safeguards to insure that the standard is rigidly and
uniformly enforced. Source code and documentation for the
initial DoD developed compilers will be made available, to
provide an early baseline capability. The contracts have been
written so that DoD can give the software to anyone in the world,
and the recipients will be free to use it for commercial as well
as defense purposes.

As soon as possible, we would like to begin competitively
procuring Ada compilers and software tools as products, rather
than funding their development on a cost reimbursable basis. For
example, we will be using Ada programs as benchmarks when buying
commercial hardware so that the performance competition is based
on the combined performance of the hardware and the compiler.

The Ada compiler validation policies will allow Ada interfaces
and special functions to be implemented in hardware, and we will
encourage such hardware optimizations for some applications.

AY




These steps are part of DoD's overall strategy of using
commercial products wherever possible for defense, so that we can
benefit from the industrial base that I described earlier and the
economies of scale associated with participating in such a large
commercial market place.

! CONCLUSION -

"'In summary, .I would like to emphasize that the Ada language
is extremely important to the U.S. Department of Defense and the
Western Alliance. In our opinion, Ada will be used to develop
our most important systems in the future. We expect Ada will be
widely used throughout the U.S. and the European countries for
commercial use as well as defense software, and that the
Department of Defense in the U.S. will benefit significantly from
the resulting availability of trained personnel and privately
developed software. _

Dr. Perry share¥ these views, and very much wishes that he
eould be with us today. He asked me to emphasize his strong
support for this program and his desire to see Ada rapidly
implemented and used throughout the Services.

Thank you very much ladies and gentlemen. It is indeed a
pleasure to be with you today. {




VIEWGRAPH'S

FOR

JEAN ICHBIAH'S PRESENTATION




o B ————

A SIMPLE PROGRAM

A simple program
- Textual structure
Lexical structure
E xecut (on
i .. 'VCstt'l(hj and Separate Comp(lation

Relation to other topics




A SIMPLE PROGRAM

with SINPLE_10;
« ure COUNT.YOUR_CHRANGE (s

use SIMPLE_10;

-- This pfoqram creads ¢ (ntegers

-- and prints the total value

COUNT, 'c«auoe,ceu'rs,oou.ans : INTECER ;

VRLUE : constant atray (1..6) of INTEGER :=
(o1, os, 10, 25, 50, 100);

begqun

CHANGE := 0

Ffor N un 1 .. 6 loop

GET ( COUNT);

| CHANGE := CHANGE + VALUE (N) % COUNT;

end loop;

(F CHAWGE = O then

PUT( " NO CHANGE™ );

else

DOLLARRS :s CHANGE / 100 ;

CENTS := CHANGE mod Ico ;

PUT (" DOLLARS : "), PUT(DoLLARS);
PUT (" cenTS "), PUT(CENTS);
end if;

end (OUNT._YOUR_CHANGE ;




TEXTUARL STRUCTURE

with SIMPLE_10;
procedure COUNT.YOUR .CHANGE LS

£
33

end loog;

of then
else

end (f;

end COUNT.YOUR CHANGE ;




EXECUTION OF A PROCEDURE

plocedure (oUNT_YoUR _CHANGE ¢s

CounTs, CHANGE,

CENTS, DOLLARS : WITEGER;

CHANGE := O ;

CENTS = CHAMGE mod 100;

end COUNT.YOUR .CHANGE ;

elaborate declarations .

elaborate
declarative
par('
execute

seguence of
statements

gcve an excstence to corfesponding obycf.s




VISIBILITY and SEPRARATE ConNPILATION

a main proqram

with SIMPLE_\0;
proceduce C(oUNT. YOUR _ CHANGE (s

use SINPLE_10;

COUNT, CRANGE
i CENTS, DOLLARS : INTEGER ;

bggén

CRAUGE = O;

GET (COUNT);

PUT(*NO CcHAMGE");

CENTS := CHANGE mod 00

end (oUNT_YouR _ CHANGE;

-- predefined (dentiFiers
-- cdentiFiers From the pachajc
-- local c(dent(Fdiers

(2




POINTS RAISED BY THE EXAMPLE

DECLARATIVE PART
objec& declarationg
tgpes

type declarations

SEQUENCE OF STATENENTS
expressions

statements

PARCKACGES and COMPILATION UNITS
VISIBILITY
Pocats not racsed

TASKING, GENERIC UNITS,
EXCEPTIONS, REPRESENTATION




The way bg which we (mpose

structure on data objects

Need to describe objects
Factorczation of properties
mainf’aﬁnabilc'f’j

Need to be able to say something
about the properh'es of objects
reqdabb(c'ég

Need to 3uaran+ee that properties
of obJecl's are. not vielated
re(cabc'(t‘tj

Need fo hide Cmplemem‘ah'on
details




MOTIVATION FOR TYPES

WHAT IS A TYPE

ENUMERATION TYPES}

CONSTRARINTS and SUBTYPES

NUMERIC TYPES
RRRRY TYPES
RECORD TYPES

RCCESS TYPES

TYPE EQUIVALENCE

|
i
j
i
i




WHAT 1S A TYPE

R type characterizes :

a set of walues

a set of operations.

applicable to the values




WHART IS A& TYPE

Classes of éypeS:

scalar €ypes  values have no components

enumeration f’ypes
numercc éj pes

compos(te (’jpes values conscst of
component values

+ arcay types
- record “types

access éypes values provide access
to obher ob jects

private fgpes values are not known to

the users : only the set
of operations (s fknown

L




“  RULES

All obJeds must be declared

variables
objects can be
v constants

Each object gets a tﬁpe, (n
vts  declaration

Any operation on an object
must preserve (fs tgpe

=>

The fgpe of any obJecf ¢S nvariant
dur(nj program execution :

(t (s the ’cjpe given (n the

obJecf' declaration

.sfef {

step 1.




CHARACTERISTICS OF ENUMERATION TYPES

type DAY (s (Mo, Tue,WweD,THU,FRI, SAT, SUN);

;s

Set of values

MON TUE WED THU FRI SAT SUN

Set of operations applicable fo these values:

| DAY “F(RST
attrchutes DAY ‘LAST

DRY‘succ (D)

test For (Cn) equalc [‘j

test For order
MON <&  FRI
(f TobAY >= Tue then

asngnment

-- MON
--  SUN

-- e.g9. DAY'succ(ttoN) = TUE




ENUMERATION TYPES

enumergton {jpe declarations :

fgge DIRECTION ¢s ( NORTH EAST SouTH WEST);

obJec{’ declarations

GOAL : DIRECTION ;
TODAY : DAY,
M(DOLE : constant DRY := THU;

correct ass(jnmenfs :

GOAL := WEST;
TODARY := MOM')
TODAY := MIDDLE

wacorrect assz‘gnmenfs :

GOAL = SUN 5

TODARY := 8 5 .
compiler

Cont = TODAY: detectable

GoAL := GOAL + NORTH;

] MIDDLE := WED;

type DAY ¢s (MON  TUE, WED THU FRI, SRT SUN);




EXAMPLES

t’pe deFcnition

(MON, TUE WED, THU FRI,SAT, SUN)

| tgpe declaration :

fgg_@ DAY s (MoN,TUE WED THU FRI, SAT SUN);

object declarations :

TODAY : DAY ; -- a varcable
START : DAY := MON; -- unactialized
MIDDLE : constant DAY := THU; -- a constant
YESTERDAY, TOMORROW i DRY ; -- two variables




OTHER FORMS of ENURERATION TYPES

Chacacter fjpes

tgpo DIGIT (s
(lol

161
5I

/14 lzl /31 "tl

) 7’ )

)
] [ 1 ] [} [
6’ 7) '3' '3)3

fgpe HEX_LE’[TEQ LS. (ln', ,80' lcl' cD;’ 'E') 'F'),'

gge MIXT s (sTART, 'A') sToP 'G');

enumeration literals can be either
character Iliterals

(dentiFlers

of
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CONSTRARINTS

. a constraint restricts the
set of possible values of a type

. a constracnt doesnot change the
set of applicable operations

range constraints :

O . DAY range MON .. FRIg
L : DAY crange THU .. FRI ¢

range lower_bound. . a{)fer_boum,d/

i
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SUBTYPES

motivation : Factorczation fFor
readabﬁltfﬂ and maintaina ‘)(‘(L.('\(j

D : DAY range MON .. FRW

a
€ : [DAY range MoN . FRU{  guptype
| cndication

F: |[DAY range MoN .. FRL .

-

Factorize 63 a S“bf'ije :
subtype WEEKDAY (S DAY range MON ..FR(;

D : WEEKODRY 3
- equivalent fo
E : WEEKORY ; the Former
declaration
F : WEEKOAY .

a su.bft’pe name (s an abbreviation
for a subtype (ndication

14
4/




WHRT HAVE WE SEEN SO FAR 2

« what (s aJc(jpe
enwmeration fﬁpes
what (s a constra(nt

- subtypes

Simtlar notions exist for

other fﬂpes :

array fjpes ; index constraints
recocd (—:j pes descriminant constraints
rea( types - accuracy constracnts

13 16




ARRAY TYPES

(:gge VECTOR s
arfay (INTECER range <») of  RERL ;

—— —
M.—-\T

.dnd.ex fgpe(s)J

component l-ype,

set of values

cach VECTOR

has components of type REAL

- (s cndexed by values of fype INTEGER.
In partiawlar the

| tndex bounds

[ are of f'ape INTEGER

; two VECTORs need not have the
same bounds
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EXAMPLES OF ARRAY TYPES

_(1}9_@ NATRIX (s |

arfay (INTEGER fange <7,
INTEGER fange ¢» ) of REAL;

—— -

two - d(mensconal

subtype NATURAL s INTEGER @nge | .. INTEGER'LAST;
chge STRING (s arcay (NATURRL cange <)
of CHARACTER ;

.sfrt'ngs are a(rajs of chamacters

indexed bg natural numbers

2.0
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INDEX CONSTRAINTS

An (ndex constraint  serves to

speccfy the undex bounds of

an acroy obJed'

V : VECTOR (=10 ..10);

W : VeEcToR (4 .. 1000);

Reray subtype

subtype VECT (s VECTOR (o ..N);




INDEX BOUNDS

the (ndex bounds of a constant
are obtatned from its (nitcal value

NESSAGE : constant STRING :=
| " how many characters”

b ]

& formal parameter (s constraned by
the (ndex bounds of +he (orrespond(nj
actual parameter

procedure PUT(S: STRING);

PUT (MESSRAGE );

22 22




ARRAY TYPES

set oF operations

i

/= test for ([n)equall'fj

asscgnment  possible cf
same number of components

(but bounds need not
be the same)

indexing  (ndexed omponent: V(1)

slices For one-dimensional arrayc
| V(I .. J)

(a slice s an array value)

notation for acray values : aggregates

A : VECTOR(1..10) := (1..10 =» 0.0);

R:= (1..2 = 1.5, 4.7 =2 X, othes =» Y)s

A(2..4) := (1.0,5.0,3.0);

14

23




RECORD TYPES

{:gge DATE s
record
MONTH

DAY

YERR
end cecord;

14

MONTH_NAME
INTEGER fange { -3
INTEGER fange 0 .. 3000

25




RECORD TYPES WiTH DISCRIMINANTS

type PERSON (SEX : GENDER := F) is

cecord
BIRTH DﬁTE;

case SEX Ls
when M => BERRDED: BOOLEAN;

when F =>  CHILDREN: INTEGER;

end case;
end recoCds

set of values

SEX = M
triples of the form BIRTH
BEARDED
(M (MAR, 25,19%0), FALSE)
| SEX = F
triples of the form BIRTH
CH!LDREN

(F, (JAN, 23, 1943), 3)

288

2R B

Pore oo - TP
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DISCRININANTS

set of operations

«  disercminants may on(«j be changed
bg 5lobal record ass(gnmenfs

P : PERSON; -- PSEX=F
P := (M, SOME_DATF TRUE); -- PSEX =M
P.SEX = ... -~ lllegal |

. access to a component of a variant
part depends on the value of
the discrumenant

P. BEARDED
, P.CHILDREN ralses COMSTRAINT_ERROR
| (f PSEX = ™M




RECORD SUBTYPES

discriminant constraint

JOHN PERSON ((SEX =» M);

MARY :  PERSON(F) := (F,(MAR 3 1970),0);

; record subéjpes
subtgge MALE is  PERSON (SEX = MY);

subbype FEMALE is  PERSON(SEX => F);

29L




ANOTHER EXANPLE

%ge SQUARE (N : NATURAL) is
fecord

MAT : atray (.. N, 1 ..N) of RERL;

M fQCOrOl,

bound s may depend on a disciminant
fAn objed declaration must give the
discrcminant value
ﬂ,-B : SQUQRE(8)5 -— &% 8 matr'x
-—the scze of the matrices cannot be chanjéd

-— ¢t (s imposscble fo (reate o rectangular
matrix using the fype s@unre

27




TYPE EQUIVALENCE

when do +wo objects have the same fjpc?

each fgpedeFénéh‘on defines
a dcistinet fjpe,

=>

each fgpe name denotes a distinct fjpe

=

two objects have the same {'jpe
CF thecr declarations cefer
to the same type name

‘ name equt valence.




pp——

TYPE EQUIVALENCE

X and Y are not of the same +3(>e

X :|atfay (1..10) oF (MTEGER| two type
definctions
hence TwoO

Y . an'ag(t .. 10) of INTEGER]; dustonct
t'gpes

V andV are of the same type
U,V :arfay (1. 10) of NTEGER
one single type definition

Or better even : name the type
{349_;2 TRBLE_ (0 (S arf% (t.. lo) of (urec.ea)

R B TﬂBLEJO)
C : TABLE.10,




EXPLICIT (OMVERSIONS BETWEEN ARRRAY TYPES

type VECTOR ¢s array (INTECER ange <>) of REAL;
procedure SORT (X : ¢nout VECTOR),

_t_t:'m_e TABLE (s amay (IMTEGER (unge &) of ReAL;
proceduce LIST (X : ¢n TABLE);

A : TABLE (| .. 100);

B : VECTOR (0 .. 1000);

C : afcay (1 .. 2000) of REAL,
LIST(R); SoRT(B);

SORT (VECTOR (R)); LIST (TAGLE (B))
$oRT (VECTOR(C)); LIST (TaRLE (Q));

3s 37




SUMMARY

Notion of éype,
set of valuwes
set of operations

motivated b'j celiaby l('l'j

Classes ofF fj pes

scalar : enumeration
numercc

composcte: array
record

access
private éj pes

Constraints and su.b{jpes
For all classes

Name equivalence

3%




R

SOFTWRRE (OMPONENTS

M.D. NacIIij' 1963

o

I would Icke to see compenénts
become a dcgntied branch of
- soFHware eng(neerfng.

T would [ihe to see standard
atalegs of routines classcFied by
prectsion, fobustness  fime-space
requiremenfs and bindmﬂ t'me or
pasameters .

+ manufacturers of standard components

catalogs of components

- parameterized com ponents




GENERAL PROGRAM STRUCTURE

how to organize text
compilation undts

scope and vischo (it
Hljo( (Che ut's(b((h‘y rules
and extenscions

Pa.ckajes
for better control of v(sc'b(lc'l'j

For (ogical moo(ula.rc'(-j

private ty pes

separate comptilation
For physical modulam'(y

methodological ¢mpact

N
i




PROGRAM UNITS

+hree forms

Su bprog rams
pac &ages
tqs?zs

program untts may be nested

classical R(ﬁo(—(c‘&z block structure

program untts Moy be
separa{-elaj comptled

¢ branj uncts

context speccfications




Ul

SCOPE BND VISIBILITY

declared c(dentifrers have a Scope

the swpe of a declaration s fhe
regcon of text where the declaraticn
has an effect

difFfecent cdentifiers may be vistble
at diFfFerent pounts of dext

the declaration of an enh'fv (S vesikle
at a guven point (F an cceurrence

of the corresponding (dentiFier at thes
pount  denotes the enh'{’y




BRSIC VISIBILITY RULES

ngoL - leke cules: direct ggs(b(h'hj

- tdentcFier From outer contexts
are vischle

an cnner (dentcfcer may hede
an outer Kamomjm

Dot notation : selected component

unct_name . cdentcFier

Named record comr)onem‘s ‘N aggrega{'es

Named parameter associations




SELECTED COMPONENTS

procedure OUTER ¢s

AR : BooLEnw,
B : BOOLEAN;

proceduce INNER (s

B : BOOLEARN, --hides OUTER.B
C : BOOLEAN;
beg.n
B := ﬂ; -~ INNER.B := OUTER.R
! C := OUTER.B; -~ INNER.C := OUTER.E
end,;
begén
ggg OUTER;

selected components are also
used to denote record components
and ctems declared n packages

it
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B i aaatiaciual o o 0T e e

VISIBILITY OF RECORD COMPONENTS

procedure P s

t_gﬂ. DRTE s
Cecocd
A= - MONTH : TMONTH_WAME,
A—------ DAY . INTEGER @nge | .31,
e YEAR  : INTEGER mnge 0 .. 3000,
end cecord :
TODAY : DAY;
s begin
¢ |
0 ToOAY. DAY := 10; -~ selected
€ | -~ (ompenent
ToNRY :<
(veRR => (480, MONTH=; SEP. DAY = 10);
Wl end P, —~ named ajjregafe,

of course, only posschle within scope

-~




PACKAGES

Pa.c&ages are used to formulate
. named collections of declarations
+ groups of related subprijrams

- private data tgpes




package P (s

i
«

{

pacﬂz'aje,. viscble part
5peuﬂcahon

end P;

package body P ¢s
pac&ase hidden part
bod

4 ...
end P;
A Pacl’mje

13

3

/

(ntecface

5 Cmp(emen{'ah'on




TEXTUAL SEPARATION

procedure speciFication -

procedure SORT ((V : inout VECTOR);

procedure body :

procedure SORT (V : inout VECTOR) 5
begin




FORMS OF PRCKARGES

acka WORK_DATA $

!

type DAY (S (Mow,TUE ,WED THU,FRI, SAT, SUN);
type Tine (s delta 0.0t fange 0.0 ..24.0;
type TINE_TABLE LS

acfay (DAY) of Time,

WORK_HOURS : TINE_TABLE;
NORRMAL_HOURS : constant TIME_TAGBLE :=
(MoN .. FRI => 8.0, SAT | SUN = 0.0);

1

end WORK_DATR;




FRCKAGE EXAMPLE : RANDOM

package RANDOM is
type RERL s digils 7;

procedure SET_SEED (START : INTEGER);
Function RAND_INT(L,H: INTEGER) return INTECER;

Function UNIFORM (L, H: REAL) feturn REAL;

end RANDOM;




packaqe bodg RANDOM (g

SEED  : MTEcER,
CO-SEED : REAL;

proceduce CoNGRUENCE cs
SEED :=
nd

LALL

——e

o

r-; CO_SEED :=

-- local datq

-~ local pfocedure

procedure SET_SEED (stanT - INTEGER) ¢S

; bcgdn

f end;

’«’ Function RANQ_INT
}

Function uniForM ...

begin
{' SET_SEED (4);
end RANDOM ;

le &L

-~ «nvtcalization

124




INFORMATION HIDING
Textual separation of the unterface

- t+he visible Parf defines
the logéca( cnterface

the cmplementation may be both

protected and

physteally hidden
g J




PRIVATE TYPES

m&s& SIMPLE _INPUT_OUTPUT 8

t_gm FlLe s private;
NO_FILE : constant FILE;

procedure ASSIEN ( F: out FILE),
procedure RERD ( F: ¢n FILE; ...);
procedure WRITE ( F: ¢n FWE; ...);

private

type FILE (s new INTECER mnge 0 ..€0
| No_FILE : constant FILE := o;

end SIMPLE_INPUT_OUTPUT;

;

bodg SIMPLE _INPUT_OUTPUT 1§

tgge FILE_DESCRIPTOR ¢S Cecord ... end record

DIRECTORY : arCay (FILE) oF FILE_DESCRIPTOR ;
procedure ASSIGN (F : qut FILE) us
begun

end RSSICN,

Begin
-~ vnitialization of DIRECTORY

end SIMPLE_INPUT_OUTPUT,




LIMITED PRIVATE TYPES

2achage INPUT.OUTPUT is
type IN-FILE (s limited private;

procedure OPEN (F : ineut IN_FILE; ...);
procedure CLOSE (F : in oyt W.FILE; ...);
procedure READ (F :in  IN_FILE; )5

FILE_OPEN_ERROR : exceptron;

private

type IN_FILE (s

cecocd

FILELINDEX : INTEGER := 0;

end cecord,

eénd INPUT_OUTPUT;




12

SUMAARY ON PRIVATE TYPES

values are not Anown outside
the package

the only operafions avaclable are

those of the viscble part

= } unless [imited




RCCESS TO THE VISIBLE PART

dot notatcon : selected components

F : INPUT_OUTPUT . IN_FILE ;

INPUT_OUTPUT. OPEN (F ) ;

WPUT_ouTPuT. READ (F, X);
colled'ivelcj . use clause

declare

use (UPUT-OUTPUT}
F : IN_FILE;

begin

OPEN (F);

READ (F, X);

end,




- s g — i v T iy ———— " Yy - el =T d ”

SUMNARY ON PACKRGES

uses of packages cover

named collections of declaratcons ;
groups of subprograms ]
private tbpes :

tesctual separation of

package speccfication
package body

packages support (nformation hiding

Packases serve to show

private +3 pes

values are not known outside
access to the viscble part

selected com ponent
use clause

24




SEPARATE COMPILATION

« same degree of bjpe cheching accoss
separately compiled units
as within a compclation unit

+ supporfs program construction

top down development
separate compilation of the
parts of a program : subuncts

bottom up development
reustng program modu les : ((bmry ur.cts

. grac.'n of d\anje :
recompc (ation ofF a unit




| et AT T RS s

COMPILATION UNITS

several posstble forms

(i brary packo.je declaration orf body
. !
uncts Lo subprogram declaratcon or body
. subuntts
context speccFication i with clause
weth TEXT_10, REAL_CPERATIONS;
procedure QUADRATIC.EQUATION ¢S
end QUADRATIC_EQUATION ;
26




(OMPILATION MODEL

Proceam Ligrary of Pf?ufcuslj

comp:.'f.ed uniks

COMPILATION UNIIT

\.,

“Compiler

| S,

(c‘stinjs
wpdated

reports
PrROGRAM
LIBRARY N object code etc.

evther addition of «
new unct or update
of an old un't




“BOTTOM UP" PROGRAM DEVELOPMENT

GENERARLLY USRBLE PARCKAGES

- - ——

pac 'to.gg, MATH_FUNCTIONS $

no with
dause ,
end MATH _FUNCTIONS, J
with MATH_CONST,
some .
package SURVEYING ¢s
dependence
end SURVEYING;
]

with MATH_CONST. MATH_FUNCTICNS; |

pachage body SURVEYING cs

—— e b

end SURVEYING;

ANY NAIN ProtRAM




" TOP DOWN" PROGRAM DEVELOPMENT

with MATH_FUNCTIONS;

procedure TOP (s
use MATH_FuNCTIONS,

tgge REAL ¢s dugets 1o
R,S : REAL;

pachage D is
Pt : constant := 3.(4159_2653¢;

Function F (X : REAL) ceturn REAL;

procedure G ( VY, Z : REAL),
end O;

———

pg_c_ft_g._g_e 5_-4”[ D (s separate ;
P—“-Q('—-m‘:r_e Q (U :ReﬁL) (é_ Seeara._je:;

begqun
Q (R);

D.G{R,S);

end ToP;

corPiLATION SURUNI|TS

8oDY
STUBS




R SLBUNIT

ANOTHER
SUBUNIT

33

SUBUNITS

separate (TOP)
procecluce Q (v : REAL) ¢S
' use D;

begin

U= F(U);

Q-

nd Q;

with INPUT.OUTPUT,
separate (TOP)
pachage bodg D ¢s

-- local declarations

Funchion F(X: REAL) ceturn REAL L

Fegdn
MF; BodbY
procedure G(Y,Z: REAL) (s separate, oa

begin

énd O,




NOTE ON VISIBILITY

which JdentiFrers are viscble at
the start of a ComFélah'on unit ?

For a l(brarj unct
- all (dentcFlers of the predefined

enycronment
the package STANDARD

- all +he names ((sted cn the
with clquSes

- the name of the unit Jtself

wth Q,B,C/'
gac&age P Q gﬁd_ .p;

For a subunit
same as at the s’rub) plus with clauses

36




METHODOLOGICAL IRPARLT

. bottom up development

Lebraries of packages

once the (nterface (s defined,
the body can be redefined cndependently
of the ustng units

need for operations on ((braries

» top down development

agree on ¢nterface then develop subunits

. physical moduiuiiy

. pl\vs(cal ‘nfFormation hid£n3

fowacds an Cndustry of seftware cormponents

37




ALGORITHMIC ASPECTS

NAMES and EXPRESSIONS
STATEMENTS

SUBPROGRAMS

proce du res, Func’r(onsl
and operators

ouerloaddng




SOME DECLARATIONS

type DATE vs
record
MONTH : MONTH_NAME;
ORY . INTEGER cange | ..
YEARR : INTEGER range 0

end record;

type PERSON (SEX : GENDER) is
record
BIRTH DEATH : DARTE;
ADDRESS : STRING (1 ..30);

o o0

end rec.orol-,

subtype KING (s PERSON (M);

Louls : array(4..18) of KING,

JOHN : KING :=
(sex=> M,
BIRTH => (DEC,24,1167),
DEATH => (OCT, 18, (216),

3(')
..Booo)




NRMES

cdent (Flers

Louvis
MONTH_NAME
KING

vnoleoced component

Louts (ig)

selected component

JOHN. BIRTH

attri bute
MONTH_NAHE ‘FIRST  -- JAN
MONTH_NAME/LAST -~ DEC

Function call
HEIR (JOHN)

slice
Louts (1t .. 18)

3R
{




4R

NARMES

Ccombinations of the previous forms
are also names

Louts(i1). BIRTH

LOUIS (41) . BIRTH. YEAR

JOHN . ADDORESS (12)

Louls (14). ADDRESS (1)

HEIR (JOHN). BIRTH . DRY

Louts(s .. 12)(10) -- Louis (J0)

o v TSR 3, et

Smmrvers; fers Ty yTREDTIT




(owest

h(gkes’r

OPERATORS and E XPRESSIONS

St precedence levels

(05 ceal opecators and
and then
relational operators =
(n
addmﬁ operal'ors + -

unary operafors + -

multiplying operators x [

e xponenh'a’rinﬁ operator %3

o T




EVALURTION OF EXPRESSIONS

operators of Mjher precedence are
applied Foest

parenH\escs to (mpose  a spectfic order

the order of evaluation of the
two operands of an opecrator
~ts not defined (except for short circut

control Forms)

Rll operands of an expression are
evaluated (unless (t contains short circurt

control Forms)

SUNNY  and  WARM

NEXT_CAR .OWNER /= null and then NEXT_(RR,QWNER,RGE % 25




STRTEMENTS

Scmple aSSanmenf statement

of wmpound statements

L_F- ...tm case «-- Q L.Q_O.E
end cf; end case; end Loop;

also accept and select statements and

declare

Degdn

end;




SUBPROGRAMS
Conventional pacameterczed program untts
Two forms of subprograms:

Procedures

a procedure call
(s a statement

Funcfions
- called ¢n expressions

- return a value

Opcra{'ors are defined as functions




SUBPROGRAM BODIES

procedure cdentcFier formal_part (s
declaratcve part
Degun

sequence of statements

end dentcFeer

Function designator Formal_par& ceturn svbfgpe-md(carh'on s
declarative part

begdn

sequence of statements

end des(gna{'or :

a desc'jnaf‘or (s either an (dentifler or

~N 1

an operator sSmbol, for exampe »




SUBPROGRAM DECLARATIONS

subprogram declarations may be
introduced for feadabulity consuolerations

Procedur‘e, QUADRATIC _EQURTION
(R,B,C : in REAL;
ROOT_1, ROOT_Z : out REARL,
OK : out BOOLEAN):
function INNER (X, Y : VECTOR) return VECTORS
H’\ej are necessary cn thefolloweng cases:

- packages
- mutual cecursion
(subprogfam specifications also appear

N 32nem’c declaraticons and renaanj
deola(‘aHm\S)




PARARMETER MODES

three possible modes

in  +he Paramefer acts as a local constant
whose value cs pfol tded btj the
corresponding actual parameter

out the Parame’rer acts as a local
vartable whose value s asstjneo\ to
the actwal parameter as a result
oF the execution of the subprogram.

15
Q
<

the parameter acts as a local
vartable and permits access and
asscgnment to the actual parameter.

o0 (s the default

For scalar and access types, effect achieved
by wpy. For arcay, record, of prevate
types: ewther by opy or by reference.




FUNCTIONS AND OPERARTORS

Cunction (NNER (XY : VECTOR) return VECTOR s

Deg ‘N

return SUM,
end INNER;

Function “x"(X,Y:VECTOR) return VECTOR s

ceturn SUM;
} end u*ﬂ;

B : VECTOR (1 ..N);
RERL

R)

R

R = INNER(®,B);
R = A » B

Only n parameters

¥




PROCEDURE AND FUNCTION CRLLS
POSITIONAL CRLLS
INNER (R, B)

QURDRATIC_EQUATIONS (L ,M N, P Q STATUS);

NAMED PARANETER ASSOCIATIONS

Formal =5  actual

QUADRATIC_EQUATIONS (L M N,
ROOT.4 =» P, RooOT.2 = Q,
0K =» STATUS);

- posttional assoccations must precede
named assoccations

- the order of named assoctations
s cmmaterial




L DEFRULT PARAMETERS

A defFault value may be given
For an (n parameter (n a
Subprosram specfFecatcon

type STERK.TYPE (s (RARE, MEDIUM, WELL-DONE);

" POTRTO_STYLE (s (BRKED, (REAMED, FRIES);

fgge DRESSING_KIND ¢S ( BLUE_CHEESE
THOUSAND_ISLAND, OIL_AND_VINEGRR | FRENCH);

procedure ORDER_DINNER

(sTERK  : (n STERK.TYPE = MEDWM,
{ POTATO : (n POTATD.STYLE := RAKED,
| DRESSING :  tn DRESSING.KIND := FRENCH);

ORDER_.DINNER ( STERK =3 RARE)y
ORDER_DINNER (MEDIUM, (RERMED);

ORDER_DINNER (RARE, DRESSING = BLUE_CHEESE);

ORDER_DINNER,

20




OVERLOADING

Overloading does not hcide
The cdentcFication uses the context

IfF +he contexft does not suffFice
use qualifccation

Procedure REGISTER (D : DAY,
procedure REGISTER (S : OBJECT);

REGISTER (TOORY); no problem
RECISTER (NEXT_PLANET); with vartables

REGISTER (TuE); ’3 no problem with non-

REGISTER (EARTH); | overloaded (cterals

REGISTER (SUN);

the solution ¢s
REGISTER ( DAY '(SUN)); to qualcfy




SUBPROGRAM SUNNARY

Procedures and Functions

Spewfraation may precede body
- must match

Three Posscb!e modes
on out (nout

Posctional and Named calls

Default (n parameters

Overloaded subprograms

26
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TRSKING CONCEPTS

TASKS and TASK TYPES

tashk body | specification objects

TASK EXECUTION
activation termination

COMRMUN ICATION

accept statements )

TIMING
delaﬂ

SELECT STATENENT
mul ‘HP(G wadt

tcmed and conditional calls

SCHEDULING
priorities, interrupt

ClassiFication of +aske




TRSK TYPES

tash specFication

tash %'EE T e (7 the intechace
{enfrg dec(afah'on} | to other
end T; ) tash s
tash bodtj
tash bodg T s
declaratcve part . H"e_
beacn [ actcons of
oegen " the tacks
sequence of statements of the
end T; / f:cjpe,

tash objecf declarations

morphology s(milar to packages




TASK TYPES

a task type (s a (imcted private type
no asstgnment

no (un) equality

task objects can be cn parameters

an access fﬂpe aan refer fo a task type

f
tash égge KEYBORD.DRIWER s
[ entey READ(C : out CHARACTER);

| en{'r% WRITE(C : tn CHARRCTER); .
end ;

type KEYBOARD (s Access KEYROARD.DRIVER;

TERFUIMARL : KEYBORRD := new KEYBOARD.DRIVER;

~-KEYBOARD (s not a limcted private type




A SINPLE EXAMPLE

procedure ARRIVE _AT_RIRPORT (g
task CLARIM_BAGCARCE ;

task RENT_A_CAR;

task body CLAIN_QAGCAGE (s

[%4

tos b looolfj RENT_A_CAR «¢s

begdn —— CLAIN_RACNCE ard RENT_A_LAS
| -— become active

BOOK _HOTEL s

énd; ——awact termination of
- - CLRIN_BARGCACE andk RENT_A_CAT




COMMUNICATION BETWEEN TASKS

tashk SPea'FL'cah'on: the ¢nterface

tash LINE_TO_CHAR (s

entry PUTLLINE (L : ¢n LINE);
| entry GET.CHAR( C : out CHARRCTER);

end,

%as PL bodﬂ :

task body LINE_TO.CHAR (s
] J

! BUFFER : LlNE;

l -_ statemeonts 4e5gr(bin3 the actiong
! —- performed bgd the tas &

end LINE_TO-CHAR

t%pe LINVE C_S_arragﬂ .. 80) of CHARRCTER;

69
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ENTRIES AND ACCEPT STRTEMENTS

cnl:r:d declaration

entru PUT_LINE (L : in LINE);

enér3 call

LINE.TO-CHAR . PUT_LINE (MY_LINE);

accept statement

accept PUT.LINE (L : ¢n LINE)do
BUFFER := L ;
end PUT.LINE;

RENDEZVOU S

between en{'ra all and acept sta

QUELES

scmelar to
a p(OL(’du\'(‘
declaration

St'm((df‘ to
a procedure
call

seme lar to
an tnlune
procedure
bodcg'

ErNET

several tashks may bcwaifing cnoan entry




RENDEZVOVS

er\\’rga PUT_LINE(L: in LINE);

LINE _TO. CHAR

o oe
* o »

LINE_TO_CHAR . accept PUT_LINE(L: inLINE)do
PUT_LINE (MY-LINE) \ BUFFER = L;
end PUT_LIVE;

o e »

CaLLING TASK

CALLED TRSK

whoever ¢s there First waits forthe other

- when both ace there, the accept s executed

thereafter, the calling and the called tash
continve (n paralliel




q 12

R SERVER TRSK

task LINE_TO.CHAR (s .
entry PUT.LINE (L : in LINE);

enl-rg GET_CHAR (C : out CHARRCTER);
LY

. "/

task body LINE_TO.CHAR (s
BUFFER : LINE;
Loop
accept PUT_LINE (L:inUNE) do
BUFFER :a L;
end PUT_LINE;
For 1 in BUFFER'RANGE loop
accept GET.CHAR(C :out (HARACTER) do
’ ¢ := BUFFER(1);
end GET_CHAR;

gl\é loop;
end Loop;
end LINE_TO.CHAR;




USER TRSKS

tash PRODUCE_LINE;
tash CONSUME_CMAR ;

sh body PRODUCE.LINE L§
MY-LINE : LINE;
loop
-- Fcll MY_LINE From somewhere
LINE_TO.CHAR ., PUT_LINE (MY_LINE);

| endloop;
end;

tash body CONSUME_CHAR ¢s

MY.CHAR : CHARACTER,;

bedin

loog '
LINE_TO.CHAR , GET_CHAR (MY_CLHAR),

-- dispose of MY.CHAR;

end (oop;
nd

)

e o mm i e




OELAY STRTEMENT

d;!g_g 3.5;

suspends the tash for at least the
duration (ndicated

untts are seconds

the expression (s of +he predefined
Fixed pount type DurATION

For clar(fy one may write

SENOS : constant := .05
MINUTES : (O'\&"d'\"’ ‘s ‘0.0"

and then

SO P Y

delay 2.0% MINUTES + 45.0 % SECONDS;




SELECT STATEMENT

waih’na for one of several alternatives ;

tash  PROTECTED_VARIABLE (s
eatcy READ(V : out ELEM);

‘ entey WRITE(E: v ELEM);
| end;
E
task body PROTECTED.VARIABLE (s
| VARIABLE : ELEM :a INITIAL_VALCUE;
begcn i
Loop
select
accept READ (V : out ELeM) do
} V := VARIABLE;
end;
t accept WRITE(E : vn ELEM) do 1
; VARIABLE := E;
end,
f g_t_\ﬂ_seled};
. end Loop;

i
end. PROTECTED.VARIABLE;

i i v B STMNRRI o st .




SELECT WITH GUARDS
tashk BUFFERING (s
' enbry READ (V : out ELEM);

1. m WRITE (E : (n ELEM),
end;

task body BUFFERING (S

BUFFER : acray (1..N) of ELEM;
L3 : INTEGER Cl_ﬁa; {..N := 1;
COUNT : INTEGER mnae 0..N ™= O,’
Bcgin
loop
i select

when (ounT >0 =
accept READ(V: out ELEM) do
v i BuFFER(J);
end;
J:= (Imod N)+1; (OUNT := COUNT -1,

of
M (OUNT <K N =)

accept WRITE( € : in ELEM) do

| ‘ BUFFER (1) := €;

i' end;

i 1 1:= (1mod N)¢1; COUNT :x COUNT +1{
i e_'\_d. select;

end loop;

end BUFFERING;




PACKAGING R TASK

package RERDER_WRITER (s
procedure RERD( X : out ELEN);
proceduce WRITE( X : (n ELER);
end;

pgchage bod Y READER_WRITER ¢S

i
. tash ConTkOL (S
! -
; eatry START;  entcy STOP,
entry WRITE (x : ¢n ELEM)
end;

brocedure READ (X : out ELEM) (S
c vn
‘ CONTROL START; X := VARIABLE;

CONTROL STOP;

procedure WRITE (X : (n ELE M) ¢s
begin

| | CONTROL .WRITE (X);
end,

end,

enForchg o profo¢o(

; VARIABLE : ELEM := \NATIAL_VALUVE,

i




e

|
!
|
;
|
|

CONTROLLING READERS AND WRITERS

tash body ConTROL ¢s

)

READERS : INTEGER := LI
N
Loop

select
accept START;

READERS := READERS + 1;

accept STOP,
RERDERS := RERDERS -1,

when READERS=0 =5
accept WRITE(E.: in ELEM) do
VARIARLE := E;

end;
end select,

end loop;
end,




SELECT WITH ELSE PART

select

when WRITE‘COUNT 20 =)
accept START;
READERS :» READERS + 1;

accept STop;
READERS := READERS - 1

of when RERDERS =0 =

accept WRITE (€ : in ELEM) do
VARIARLE :e E;
end;
Locp
select
accept sTART;
READERS := READERS + 1;
else
exct;
Cl\_d_ selcd-;
gnd loop;
end select;
-- new reader only accepted (n the absence of writer

- after a writer, accept any waiting readers




TIMED AND (ONDITIONAL ENTRY CALLS

timed enfnj call

select
SERVER . REQUEST (SOME _OATA);

delag 45.0 % SECONDS ;
-- what to do (F service has

-— not started within delay (server
-= ‘oo busy)
nd select;

o

cond(tional em‘rfj call

elect

SERVER, REQUEST ( SOME_DATA);
else

(7]

-- do something else cf busy
-- server cannot acept request
-- |'mmo.olc'a+el3

nd select;

(A

load control

26
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TERMINATE ARLTERNATIVE

task tuype RESOLRCE (S
tash tyoe cs
| en{'nj SEL2€
mh% R ELEASE;

d;

&_-_. ——-

task bodg RESOURCE (g

BUSY : BOOLEAN := FALSE;
Loop
select
- ~when not BUSY =»
1 accept SEIZE do BUSY := TRUE; end;
Loof
, | accept RELEASE do BUSY := FALSE; end;
| or
L when not BusY = teriinate;
' end seleck
l end |oop;
end;




TASK CLASSIFICATION

two extremes

the server

calls no other fash
ts bodg (s ofen of the form

Loop
select

o000

| end select;
end {oop;
READER _WRITER

the user

3

has no enttries  PRODUCE _LLINE

(ntermediate cases

32




TRSK CLASSIEICATION

wWhen a server supports several users :

no speccal requirement  beause the
services do not (nteract

Looh Fakle
use a packaﬂe o up

mutual exclusion between services

i because of possible (nterference
PROTECTED. VARIRBLE

use a select statement

- mutual excluscon +temporary uraailak.’ o -1
because conditions cannot be met |
BUFFER[N(

use Suards

mufual exluscon + tem porary unayala '{;;?.j}y
+ control of order (server is a scheduler)

(ONTROLLER
use Families of entries




EXCEPTION HANDLING

concept of an exception
what can be terminated by an exception
how are exceptions declared

what are handlers
how are excepfions ratsed

semantics of exceptions thelr use:

scope and exceptions

suppfessing chec ks

exceptions and tasking i:

summarj of use




CONCEPT OF AN EXCEPTION

s(tuations that prevent completion
of an action

violation of a constraint

a matrix (s smgu!ar

an exception names such a situation
(ONSTRAINT_ ERROR
SINGULRR

@_@_ﬁ;_g’ﬂg an exception means +eH(n3’

the (nvoker oF an action that
this scfuation has occured

Handling an exception means executtng
some actions (n response




EXCEPTION DECLARATIONS

SINGLLAR QKCQE“QQ}
ERROR : exception;

Some exceptions are predefined .

declared (n STANOARD

CONSTRAINT_ERROR ,
NURERIC_ERROR,
SELECT_ERROR,
STORAGE _ERROR,,

TASKING_ERROR : exception,

tasks have an aftribute that (s an exception

MULTIPLEXER ' FAILURE




T “%

EXCEPTION HANDLERS

exception handlers may appear
at the end of a sequence
of statements enclosed bj begin and end

! sequence of statements

exception

| when C(ONSTRAINT_ERROR =>
sequence of statements
exception

he INGULARR =
hand lers when SING ?

sequence Of statements

when others =2
Sequence of statements

'enol;

bloc, subprogram body, Pac@aajc body, task body
handlers of the begin-end part




[0

PROPAGATION OF A PREDEFINED EXCEPTION

Cons.der

X = R(1);

-- Result obtatned Dy

d
f 1( f I in R'RANGE then
|
I
{
i

‘n line -— Lnduu\g ‘+he
: -- array A with T

expan&c-n

else

| ’ (aise (ONSTRAINT. ERROR ;

or \ end ¢F;

X := result;
hacdware
O(Jerah'on




HANDLING AN EXCEPTION

GENERAL CASE

blochs ,subprogram , package

no handler =%

same excepltion pro _q,_,ai’g_a_l «n caller

o handler exists for the exception =3
execution of the handler terminate

the execution of the unit

TASKS

no (mpliut pro paga tion




HANDLING AN EXCEPTION

the handlers apply fo the
begin-end part

hence an exception (n the

declarative part of a block
subpfogram or package s

always propagated

(q,'brar'j untts . abandon




TERMINATING CONDITION

- Exceptions are “terminating™ conditions

Funckron DIVIDE (U,V: REAL) refum REAL ¢s
begdn
return VU /V;

excephion
when MUNERIC.ERROR => return REALILARGE;

Cf\d.')

[

6 0




RETRYING AN OPERRTION

foc L ¢n | .. 10 loop
‘ ! READ. TAPE (BLOCK); |
———exct;

I¢z><ce121-t'0v‘\

’ when TAPE_ERROR =3

(fF T =10 then

ratse MARLFUNCTION,
‘ else.

BACKSPACE ;

end <f;

4\

l
end;

end loop; |

(¢ 2

AT




EXCEPTIONS AND TASKING
ASYNCHRONOUS (INTERVENTIONS

ratse T 'FAILURE;

T (s allowed last wishes
§
abor\' T',

terminate uncondifconall Y

in ecther case "partners” of T rececve
the exception TRSKING.ERROR

example of termination sequence :

racs¢ T!FAILURE ;

delay 20.0 SECONDS;
abort T;

Abnormal termination

2L
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EXCEPTIONS IN (OHRUNICATIONS

Ca“dng an mfrg of a
tecminated task

the clling task receiues
the excephion TASKING_ERROR

Exceptions occurring during o rendezvous

- during execution of the accept statement i

- the called tash dies

- the caller dces




23

RENDEZVOUS

P «
}Q.Ef’_ | (
{ )\\i :

\ M{’ E do

end,; |
o
|




the exception FRROR (s mised or
propagafcd within the accept statement

#% ERROR

ERROR (n P ercor 'n Q

23R 6




REWDEZVOUS

U\




CALLED TASK

recesves a FRILURE
.« (S abncrmal!(d terminated

TASKING_ERROR

FRLRE s not propagated to Callc'nj tash {
|




RENDEZVOUS




CALLER DIES

The server completeS the rendezvous

The server (s unaffected




SUPPRESSING CHECKS

pragma SUPPRESS (RANGE-CHECK);

pragma SUPPRESS (INDEX.CHECK, ON =» TABLE);

the pragma may appear in the declarative
part of a unit and applies to the
end of the unit

checks are not required

but +ha_uj may be PerFormed
nevertheless

hence the coffespond ing expressiong
m oy still occur

they may also be raised explicitly
ot propagated

24 4




SUMMARY OF USE
‘f To regain control  when ahtempted
actions cannot be completed
the cnvoker of the action (s
given the opportunity to
geeform  appropriate actions
abandon

re f'r(j

use an alternative approach

clean-up (LAST WISHES)

continue (F approprt‘afe,

(5




MR. WILLIAM CARLSON'S CLOSING REMARKS

A frequent complaint that we hear about the software
business is that we are still a cottage industry. We are like
shoemakers who do not do a very good job providing their own
children with shoes. Most software projects use relatively few
and primative tools, and in general software tools are less
impressive than the tools that people in the computer aided
design business or production control have.

The few programming environments that provide a significant
number of productivity enhancing tools are built around a single
common language.

I1've heard various theories about how to invest in software
tools without having a standard language. In fact, many of you
probably have heard me talk about the benefits of computer
networking and the possibility of having tools written in several
different languages which communicate over a network. I can tell
you for myself that I was doing that because there wasn't a
common languadge and I was looking for some way to get around
that.

Having a common language makes the job of a tool provider
very much easier. Now we have the common language that is going
to allow us to invest effectively in software tools, standard
reuseable packages, and reuseable components. We can begin to
capitalize not only the defense software industry, but the
software industry as a whole.

I see this Ada Debut not as the end of a program but really
‘as the begining. The Services are investing significant dollars
in building, compilers, and eventually complete families of
tools. We at ARPA are going to be pushing very hard to take
advantage of having this common language.

I look forward to the 1980's and the benefits that are going
to come to us from having a common medium of expression. I'm
sure you share my enthusiam for the outstanding job the Language
Design Team has done.

I want to close by thanking Jean Ichbiah for the outstanding
presentation these two days, and thank you for coming.

- P - ~~£aa-r1‘!




