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THURSDAY SEPTEMBER 4TH

9:00-10:30 Opening Session

Welcome Dr. Robert R. Fossum
Director
Defense Advanced Research
Projects Agency

Remarks Hon William J. Perry
Undersecretary of Defense
for Research and
Engineering

Introduction to Ada Dr. Jean D. Ichbiah
Principal LanguageDesigner

Coffee Break

10:50-12:30 Types Dr. lchblah

Lunch

1:45-3:15 Program Structure Dr. Ichbiah

Coffee Break

3:35-5:00 Algorithmic Features Dr. Ichbiah

Wine and Cheese Party
Hotel Washington



FRIDAY SEPTEMBER 5TH

9:00-10:30 Tasking Dr. Ichbiah

Coffee Break

10:50-12:30 Exception Handling Dr. Ichbiah
Generic Program Units

Lunch

1:45-2:45 Other Ada Features Dr. Ichbiah

Conclusion

2:45-3:45 Question/Answer Session

3:45 Closing Remarks William E. Carlson
Ada Program Manager



SPEECH
BY

DR. ROBERT R. FOSSUM
DIRECTOR

DEFENSE ADVANCED RESEARCP 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 old 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 memb~rs 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. Luch 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
Do~ls plans for the Ada phase-in period.

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
qualaity common programming language for these critically
important military systems of the'future.

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 tools. Quality tool kits are only available for the
most popular languages.

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 proaramming 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 noi~ 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.



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.

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
advranced development models for Ada compilers. The Army has
chosen SofTech to develop its compiler, and they have started
work. The Army has a particularly pressing need to begin usi 'ng
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 ur 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 w4th the essential programming tools.
When the initial designs ar delivered to DoD in Spring 1981, DoD
will select and specify stEndard 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.



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 enviro~nments, and that our goal in
standardizing internal inter~aces 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.



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, J 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 shares these views, and very much wishes that he
could 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.

-----
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D 15CRI r1 I W A WTS

set oF opera{-tOnc

*L 6GcL 1,1a riL-s m vt on'~ be chan3ed
il~obal re cord a S L3n Me nfS

p P6(~so(KIJ P.SX

P (M, SOr1E-AT' TIZ.UE},--PSE

P. SF--I Ille~a I

*access foa cornpoetn of o-. vort'oti
pa rf- deends#{ on #he valu.&e oF

P. BEARDOED
P. CHI L D(ZEJ ra Lcses CoJS (tI WT- E(Zc R

LF P.SEX M1

Z7 L L



(RECOR D SUBTY PES

dLscrLMtnanf conSfraLft'

JOH N PEI.SOW~ (SEX ~

MR(Z*Y FERSON(F) := (,mt),90))

recorAc su~t j pes

subp MALEs PERSON J(SEX(= M-);

subIpe Fe *fLE L5 PE(ZSOtN(sEi(x F);

£-SL



AN~OTi'tE- EYMrPLE

tyeSQu~taz (N :tJRITU(~ftL) L'S
j -re co rot

Mh 1T : aM4 i (.. N/J I ..iI) of RZE fL;

ncfk recordk;

bou.ns v(5 K c d eperh A on a c*Scirctvmnavlt

fAri Object declarah-orn nwust 3(e -h e.
odt~crtm inav~fva ia.e

Rg SQURtRE(S)i -- 9 Y, taffC~e

-- he size orf Te ma(Cces coThCf be chai34

J- C-s Lcmposs6b(e +o create a cfI-viu.1cr
M iaf ('x u-9'~L -(li Q pe Sq) U Me E

1032-



TYPE EQVIVALENCE

w~en do 4vwo objecf s have +he same 2e

each tqjede~cnuf ton dlef tn eS
a. oLCsfr~cA& jp e-

each {9pe name denofes ai dtsftcncf fp

two objecfs have +he same fup-
d- +ket*. decdctcctCorts reFer
1-o the 5ame f(lc nme

name ejuuvalerce



TYPE EQUI VALEN~CE

X atr~c Y ce not oF +ke same +p

)f(C (t (I) Qf- (kSJTE &GE a +W0t PP

Kenc~e TWJOy 10) of t JT6&E

V aA&V a\J oe 0f- thQ~ _ame + p e,

U) V act( I. to) of I TtE GE I;

one sLVI(e - pe ckQULVntfort

Or beffer even : lcname +kQ f pe.
4 eTft6LE_..0 CS afrLj i. 0 F trEem

RIBTAr3LE 10;

C TAB3LE .10

33 235



EXPLICIT CoIjE(ZS(Ot4S BETWEEN~ WAP~fY TYPES

\/E.TO(Z s ~(~1060z an 0. ) of REAL;

eroceckure, SO(ZT CA aow+ VECToR.);

to .TA 61-E Cs ___(I IjTEGER (( EeaL;

procedusy LIST (x' TA9LE)i

VECTOk Co 1000);

C ~ Q ( t. sooo)oqF REA~L;

LIST(fi);SIT(

So(ZT (V EroaR N), LUST (THeLE C6))

so(r.T ('iEcTo(.(C); U ST (-T A 6Le (C));



set oF va(Les
sek of- operaftons

mofLvctcd b retLcaA6C1Cfj

C (a sses oF tjpes

scatcar enutmerat~on

cornposc~fe: arra t~

recoroL

pr~vcde tjpes

Consfrc'tns crnc{ sud1lie
For- a.1 c(asses

kIame cqut'u'alerce.



1 woul d 1Le fo See C0MvPdcte-t
bc-rAce a rodenesCcC!ed bcio

sReqareevIsacbrdC +m

alpctn~ oFruis.cascF~

0 mcanau.+irers oF saoao rc covx pon eyfs

0 ccIa.Iogs oF com~pon~ent-s

*pcararne~erizec4 corvlpoenent5



6EWVERAL PROGR~AM STRUCTURE

houi to oo~~afL~ze &ext
com pt' af~on L'tLs

scope' ana. vescbUc*~j
f113 o( Uhce vct-t' .ues
a~nd exfen-seors

Pa c k.aj el-
For beffer confrol oF vL/s~bcIjc%
For (o3LcoA moat u (a

p rGvate fj pes

separa-cde conpc*(atorn
For phijst'cct rnoauloc Cj

rrne+hodo(oqt'cal Cmpact-



PROG(RAM UI'r iS

fUhree Forms

subprograms

pro~Coam u~ntt ma be, nested

c~asLSSLca( UU5o( -(CFe b(oc9ksfrufure

pro~raMv UnL S Mac~ be
separaateluj compL(eot

1crctr unCts

confeeK- specckF~caftons



SCOPE PrND VISIBILITY

dedared L'devdeh'ers bave cL scope.,

-/-e scp.oF a declaraft'on c's 'fke

re3(orn of +edt wvker_ t-kg_ dec(or0L4icrr,
has an e~Fect

cT~Fecenf I tenK-~ers ma be. vstb -Ie,
at- o((CFFerernf pocrd s of +e-xf

the otaccacrafio oF anv\~'f CS L/S*LE

act ct~Cen (pot~n GcF anr ccc.*rcv'ice-
of +Ihe corresponrcj ~ atehFe af h..-s

pocrn tdeno~es thie en~-fj



BRSIC VISIBILITY RULES

AtjoL - LLke. rules : dierecf t j

* ~{edC~er(,ror Ouifor co~if-ext&
are v/LsLbte

*an~ Lnner CotentUfeer mcuj Aeote
an~ oader omo n M

Do& noa~otnO setecec( comppyievf

anI-name . 4dent'Fter

NIarmect record- componenfS Cn a33e70-es

Namved pararvieke,- cssocic~frori



SELECTED COMPON~ENTS

proced~uie OUTER Cs

A 600LEAWi

procl~tre IN4tNE( iLi

18 80LERMN; -- Koes OUTER.~3

C BOOLEAN~;

C OUTER.8; ~JE~C ~OUTER.~

efld OUTE R.;

se(ed-ed comvponenvfS ae a
u~sed4 +0 depio+e record comvponeifs
anrA Lfem; otcarec Cn pccy



V15161LITY OF RECORZD CoOW~C-N~T5

prCocecture P cs

reco f o
t~otr4 OWTHAWATIE,

DRY IWTEjr~ang 1 .31;
YEA INTE&M Can 0 -* 3000.

TO DAY :D AY;

eq.

0 TODAY/. DRiy 10; -- selecfet
P -- Component

ToOR~Y

(YEfw? liSo, Mo jTf ? SE P D~~ Q tO-?1);

endvl z ( -- (a med( cA re3 a fe

oF Cocurse) olq j possL'ble LAJC+klvi ScOpe



P19C <P (rE S

Pacha~3 es care u~sed +0 FormuIa4-e-

*named co((ec+cfovxS oF oldarot+L'or~s

* roups oF re(atfeo( sQproraams

*privaiecc~ taa pes



PtCKi4G SPECIFICATION Rtf1Jo BODY

c k~o~q e. P Cs

specuFatftonVL*Sii6(e part te~.c~

ackane 6 P "

PCC AO5e khotder part Vmpemen[f Con

end P

Rt Pacpzaje



TEXTUAlL SEPAR~rION

procedure Speck, tcoaf on

erocedtr~ SORT C V 01A+i \IECTOR)-

jProceoture 6odij

erocec(Lre S0C12T (V in olu VECTOR') S

end SoRT,



FOt? MS OF PACKftGES

paCkcL p WO(RK..DfTA i

DAY jS (HO#.)TUE ,WEDTfiU, FR.I, SAT) SUN);

I t4peTtnE s oteA-ts 0.0i 0. 0..z.0

t 4tTmnErAr6LE CS

~f~(rt))OF TiME

WORlK-HAOUR~S : Triniff-TFILE~

wotU1AL-HOUtRS : constctn+ Tin'E-TRA6LE

(MON~~ .. l => 8.0) SR-i 15U u e-,00

CnAk wo~RK-RT~



eCKCE ExonLE RANDOMI

par, ..cge RANDOM Ls

tqpeRERL 5 441Jfs 7;

proectre;SMSEEO (STkT: iwr~E&ER);

furnction. RFND..NT(L)H: 1t4TECEZ)retufrm INTECER

Furc+ i on UN iFOR~M (L) H (REVUL) rttrrn REAL;~

endt IZaJDotl;



SEED-- 
ocld~

pR12ed66re CONORVEUN~CF CS p o4 rocedure

I SEED := O. .SECO

P!rocedi(Kre SETS E D ( TA T wiJ1E~.

-------- AND-wr ... n

PRAr n -o UNIFORM

gi4-t RANDJOM;

(z A



TeX+Us I sepcraf on oF +he tn+erFace

+ -he vc'st ble padf dQFLn eS

the tostcat Cnferface

*the Lmp(emenfaf#1on mvj be boAh

profe de A ana(

phwjstcaIIlj kcdden



PRIV/ATE TYPES

RqA~p SIMPE -tQvT-ourPur i

tg.FILE s pcvate;

f-2Qe tI4ArCC A.SScAJ ( F oiud FILE);
pro c ItrA rr REFO ( F iv'. FIL~ .. )

roct d ure WitITE (F Cn PILE; *

tip.FILE .s new INTEC-FQ. Cabrj
NO-.FILE: covlstan+I FILE 0

en at SIMPLE - IN PUT-. OUTPUT;

Raka bod SIMPLE -wPuT..OVTPur ~

FILE-DESCIUiPToR t~s recorat ... en __o4

DIR~ECTOR2Y : carro-tj (FILE) gF FILE...OESC*IPT~i

procectre AS(Gft4 (F: 04 FILE.) LIS

e A RSIGN;

-- nIfta(ezaf(,o oF DI(RECToRY

tni 14IML..INPUT' OUT PUT;

84f



LIMITED PRIVATE TYPES

_______4 IlJPUTOUTpuT i's

PLOi94sALf, OPIEN (F in9 go WFILEi
p!2.c.~ire CLosE (F : ift IbLFjLt;*.)

p-oceAu~r REA 0 (F : _ IOU-.FILE; .. ;

FtLe...OMeMElRoA. e cp on;

recr

FILE..I&JEX hJTEGEfl : 0;

kn_61 INPUT-.OUTP'UT;

20



SUI-rIARY Ok PRIVATE TYPES

* values are nof Anown omftde
the package

SThe ontd operados ava*(bIe are

those oF- +he vc's'ble porf

unless L*L e, O
2 - Z

21 t



ACCESS TO 7HE VjS18LC- PAR~T

dot ,fiomf~ovx setecWe comnporien~s

F -WJT..OUTPUT. IW-FILE

IWJT.OUTPUT. OPEN ( F) j

WJPUT-OUT PUT. RE ft 0 ( F I)X

coI(ecf&'ve(lg wse c(ause

uLse NPUT-OUTPUT.1

F (t-LFE

bevin

OPEN (IF);

READ (F) X);

Z37



SUi-IriARY ONJ PACKAGES

u4ses oP pacPkaye; cover~

nacmed co(ech~ons OF otearah ou-S

SrotxpS OF su-bpocrav&
prcdae trjes

texluocd sejxara hor oF

poaCaoe SpecCFL*Ca+Cor1
packae f6odt

pachayes Stwporf- CrnFomafrCdori hdCn5

pOacPkces serve to show

pr~va~e +j pas

vatues ct(e riof known~f oadsL'de

ozcess+o+ke Ysib(e part
sefecteck compovievi
utse C~Ltuse



SEPtRaATE COIIPI LFMTON~

* sre~ decree-. oF Ejpe checkCr across
stpxci4elj corl)PLACI tun~ts
a LA't-% C n0. corn p L' ULLOrN (AnLT

*supporfs proyry\r consrichon

top dkowrn Otevetopmernt
6eecarcde comp&(ovor oF the
parts oF oL Pro~ram :su b u, . J ts

bottom up oteLvelopmev1&:
reusCn 3 Proiram modhL(es: (ibcrr urfs

* raCtL or: dhctrj 5e:
recorrp c~ton oF a urCt

2.5



COMPILPI11ON um,1ts

5evercal posst'ble Forms

LU'6ra rj .pacho-..e otdacrct{(or or bocLtj
untLts . su6prorm otedafctcorn or booA

*subun&s

context specdFCcaCtorL ctctuse..

WAt TEY(T-10 ) RERL-.OPERRtOWS~

eroceAare QURnotT(C-.E(?U~kT(ON 4S

eri& QUA D(~E*TIC-.EQL~fVT(ONJ



COMPeILATbONJ MODEL

Pptocit LIBRARy Of pffvcu-&(j
covipo.ed L~*

COMPILATioNJ uwiT

u&potot eot (s~i
PI~OG~.A Mreports

LIBR~AKY 'object code- etc.

neu unfl-~ or qpg4afe

oF an~ o(dl unrt



8OTTorM UP" FROGROMI Dev'ELoPmENr

&EN!E(ZALLY L)SRSLE PACKAGES

Ado MATW-FUNDC~TONS ~i
no WLOdi

enak MATH - FVNCTi ONI5

with M1TW-CqST;
Som e eaLcme SuftvEYWOJ s
d epencien~ce,

!nt S~aVW-Ytj&j;-

.it MATH-.COWJT~ MATH- L.F I~.CKSi

pc fm Le 6odj SU(RVEYIN&G C's

AmIy nAli& Pozocrn



Top '*wJPJ" PROfroAm DeveLOrMePwr

Mv~ HhtflLFvOJCTIONS;

orocedare TOP j

I ~ M*TI4FVW1CTIO&JS;

t K~jEAL i 4 ILt 10,

PI consfant : 3.(1tI5?j..Z653C;

* Funtlof F()X REAL) retrn REAL;

~~rocCr cC Y.4Z :REAL);

a~c16eo j D es sepo~rc-e; BOY

erocedwrev Q U REAL) s sgpckrcdet; STU BS

D. (Y( R) s)

COM-PILAIf SUr3UrVIvrS



SUBMw~JITS

s e mlA 1e(TO F)

A sugo~itI pro cecktr Q (U IRE*L)

use D

V F:(U

erncL Q;i

w1 INJPUT-.OUT~PUT;

RPJOTtER Sep[2acLO (TOP)

SUSUN IT a o-ga~e botjD
I -- ocal decla&rct 1-Cons

IFutricfon Fo(- R~EAL) rvtfn1?EItL

be~tcn

orocAurCe C(yZ (Z7 L CSeo____
STUG

33



N~OTE ON~ VISIBILFy

whtch cLdevliLCers ae vsL'hle a+
The start- of a~ cormpdatcori unit

* For cx tt'brcxr uLnit

- 011 tdeI'P LFcerS oF The predeft'ned
envc.romwenf

4fke pacha~e SI~tJOARRP

- all 14 e names Icdsed Cn A

wL.k~r- clauLses

4e nryme ofke unxCf- LdseW

w+h~ PR,3c,
pchlc#.e P L'S ed p;

0 or a ci an.t

same ais a1 the &hab, phis wc't clau-ses

3'

L-aw- -~



METHODOL-O61CiAL impnC.T

*boftom up developvnen+

tibwmres oF pachajes

once f-he enferFoace Cs deft'neo(,

the bodij can be recteFkneck edepevdPentIj

Ofh fI'en ct

neect For operahfovs on (ibrgtree

* top dowin developm'enI-

agree on £PvterFace fhen develop su~unU~f

0 fghusicdaI04 mnorut't

*ph~stccal irnFormvahon hieA~n3

fOv.IcLrc4S anr Cndksfrj OF SoFf are crloe,

37



AL60RITHMIC ASPECTS

NAMES OAO(c EXPRESSION'S

SIRTEMEN~TS

SUBPROGRAM~S

Procedures, Frtf(C1s,

arncL operaflors

oijerloacd tr3



SOMIE DECLRtRtATION'S

rcorot
tloNt rmotNTo-wRME
ofty IN~T E&-Elt ranje f- I.

Y1EP4( ItTE&EIZ rav5e 0 -. o000

er'& recora;

PERJSOW\ (SEYK .CENDERZ) us

record
13iRrH, DEFITR DATE;

ADDRESS :STRINGJ&(I .. 30)l

su4-je IUJ cSef.O\(M)5

LOU IS : ra~ ( ..A18) oF YINJ&

(SEX =-?

BIRTR => ocz~- i~)

DERITI (OCT (oc) S12.16))



Ldten t JF'ers
LOU IS

MON~TH-WAM-E

KINC

nr'cexed cornp1 onent

LOUIS (16)

sClcfec( component

JoHIj. 8uzRu-

M-OtSTWAJFRNE'FJRST -- Jfl&J
M1OUTH -JAr'LftST- - DEC

sce
LOUIS (I 1 18)



INJ-E S

Combt'nacions OF +h~e prevc'ous Forms
are also names

LOUIS (1 1). 5ZTN

LOUIS (11). 8UZT!4. YEAR

JoHN~. AOO(ESS z

LOU IS (i1-). - RDDRESS (i)

HER ~(JOHN). B((RTk4. DRY

LOUIS(9 12z)(tO) -- LOUIS(JO)

It R



OPEPATORS on( EXPRESSIONS

51x precedence levels

lowest (o1&cal operators ao. or xor
and fhen or else

relat4onal operators = /= < <- > >=
n no" ,n

acLnj operafors + -

unar operafors +

mulfipIyinj operators / m _oot

hK~esr e xponenfiar'in operafor -



EI/ALURTDOV OF EXPR~ESSIONS

operafors OF kL3ker preCecderce c~re
applied FCrst

parevthescs to Lmpose a~ speu'FtC Oore

+he ordter of e\/o1ua+Cor\ oFke-
PujO operctr~cAs oF ax' o peccdor

us no+ JCe ec (excepI- For shorf c.Crcvuil-
control forms)

Ril operands OF ctr Q)(pf'ressLor\ are
eval.&ufeok (unlIess~ con+Qar~s shori Crcuii-
conrihot Forms)

SUWWtY ank W fi RM

t4X-A.V~1 /= nul antd t+erL N.J-iT ,Rrk..OW1NEfQ.Af4 > Z



STATE ME T-5F

S'm Pte, aSSL9nmenf sfahmenf

or corn pounot sfaThements

*.. th~en ca~se ... 6__O

erv.A LF;nrd case-; inct LoZ;

a(so a-ccep,& and selecY s~ca+emrenfs atiot

declare

e



SUSP(RO&(RRMS

6orwenf Lornal pcaramrefen~liec( pro 3ram Qnrtfs

7-uo Forms oF subprojrams:

Procedtu re s

a proceduxre Coil
G 5 aL S-efmet

Funcf L'one

- cale& ' expresscons

- ref~urn av~e

OpcraUfo5 are deFLrnecL as Fu..rcfforns



SUBP(&OGROit BODIES

pcocedure- LudenLFLer FormcaLpart L'

dectaroatuve pcar&

sequence oF statement~s

&nct den&fLer

(Lunc+(on d es L~pa+oc Formna(_. pctrt returnsubtpe.LA noro L*S

declcara1-t'e pa~rt

sequence aF 4emft

en d. descp- cd-or;

a d est 5I ta~or Cs e~-fer on ~ or~ a c
an~ ope rIfo s~m oL, or e am pe *i t



SUBPROGRAM1 DECJJARftTtONS

subpfoyam~ otec.1aicL+LO\SM l b e
Lrd(O CLttCjeOL for rect oab ~ (OfASLcoecatL'oV\S

efocedu(rem QvARPMTC-EQUfATION\

(A) ) C : vn REtL;

ROO-I7 ROOT..2 :ou* REARL

OK otxF ( OOLERW~J)5

_____fo INN~ER ( :VECTOR) cetuvrx VECTO,

che, re~ rcesscrOLrl Ln e FolloWALrng Cases-

- fac Goe~s

- Mudutai rec(ArsCorn

(subpoyjcm spcCC&+LofS atlSO Oppeac
Ln\ ler\eri.* cdec(aoJ-or~c, ctdrena C



PARRMETER M-OOES

tkhree possible mode-s

in~ +he paramneter acts as ck tocct( con~faiU
whose value, Ls pro~t'kecL b j t-ke,
corresporncALnfi ac+tkal pararvheer.

out +-he, pararne+er acds as a loccd
var~able- ',vose vatue Cs atss ner, +0
1-Ke oc+,.a parrn~efer as a Ce.sLA~
oF +-he Qxecu-&on oF +fhe subprorcar.

ino OAI-he paramQefer o..cA-s cxs o. tocoa
varLoL61e arck perrhd1s access ck-no
oassL 3n~ment +o the ctcuacd paccamei-EJ'.

~n Ls -Sfhe defctu.1f

For scalar arick ace~sstpes, effct ac. CekaoL
% copj. For arr-aj recorA, o( prcva~e.
tfjps: eL'her bij cop or b rekencc..

17



FUNLT(ON~S AJ'D OPERRfTORS

u~rxcCo(n ttNTE(d(YYVECTORZ)retiLtrr\ VECTORA&-S

r-ei urr SUM;

Futnc+Lon "*" ) ,Y:EC-T0R) r+A((\ VECTOR Cs

VE.CTOR,( i ..AJ)i

R REI(L;

3nLtj (;i paranmefers



PROCEDURE AND FUNCrhONI CALL&

PosITWRotJL CfILLS

QUFRDQRfTIC-. EQUATIONS (L., M) N) ?I) )SmRTUS)

INJPrED PARflnETEIZ FtSSOCIATIONJS

Formalo = a cfta I

CZUR O?ATIC-EQUATION\S (L.,M) N)
Rzoom-i = ROOTh2. => Q

OK=> STA'TUS)i

*posLkConal~ Q.ssoc~a+C.o(1 must pcecke
narne4k oassocticdtons

+he oroder oF nameok aSsocathOnS
Ls Gmmoa-erCaI1



DEFAULT PARRA1ETERS

4 de%atud- viaue rxaj be- .e
For a~n t' pacim eter urn a,
s Lxb (o rcx m specC FCccatCor

tw TER*K-YPE L$((zfm(e) r1EOM-, WELL..-DONE) 3

t A PoTRiToSTYLE is (BAKEt),CkEPRnEI) FRIES);

t~gD(_65ItN&_K(tJD .s (LUE-CREESIE.

TH&0USftJDASLAFJtb, OIL - AJO...IWEGr( ,FE.C)

pcoCcidure ORDEDIWJER

(s-rERK : n STER4V-TYPE MMM
P0TAtTO : in POTM-C~STYLE BAED

DRESS(N(J: n ORESSING-404 FRENLH)

ORDE&.DIWER(STEfRK l) kARE);

ORDE(DNE9R(lEDkUM, (ARE nED)l

O(Z.DER...'IIkjER ((ARE~, tD(Z6 SWC& 19 LUE-.CH~EESE);

20



OV.ERLOA DI WG

*Ov.edoodLn 9 does no& kde,

*The Ldern+CFCca+COr utses f-he con+ edx

*IF +1he corvfext d~oes rio1 sud4ece

proced~ure LZEGHSTER MDY);

(ocectureQ REGISTERCS OBJECT);

kF-64STEQ. (TrO~RY; n'o Problemt
(ZEGISTEP- (eJEX-PLtRIJET); ) itk VofCctblec,

f2EC(STER (T-);C ~

R EGI ST E R(E IT )* OvetooaceA Lci-eratls

REGISTER (SN;+he solu+hon es

RE6G(STE R ( DR (SU) o qaL

25
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SuBP(zoc,(Zf~n surinFPRY

?roced xres arnc 0(Fu nc+ orls

5peacd-ccdCofl ma o preceoke Uo j

- mnLts+ matc k

DesLW+ r ar oareersC-

Overlao~e& SLbp(Coy ram&



TftSKINJ CON~CUEM

TASKS an4( TftSK YPES

ast5 bod.j ,specJ(*cateon Objects

TRvSIk EXECUTIONJ
cti va on A Uam I na1Irm

Comm iN I ICATl ON~

aaII~ 1re~cAezv/ocL
acrepf- stademenrfs

TIMM& 6
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TRtSK TYPES
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erdctjWAIT(C ;Cf\ CttICTE(Z);.
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R .SlnPLE EXAMPeLE

pro cechAfe f(ZlE-fT-~fkPoRT-~
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COMMUNICAITIOIJ BETWEEN TASKS
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EIJTtUES ANDO ACCEPT STATEM0rJTS
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A SERVER TASK
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?roCetM(Z ~f(D( X: oqut IELIE l)
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when WftITE'COUNT a 0 =>
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TIMED Wt~D COtJDrIONAL ENTrRY CARLLS

timed entrij cadl

Select
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end;cF
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EXCEPTIONJS AND TASKINGr

ksytJCKRoW.OUS INTERVJENTION~S
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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.

I'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 language 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.


