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Main TOpiCS concurrent setting. Transfornmtions that preserve
meani ng can assist the validation. They require
In this panel, we discuss the rel evance of formaprecise semantics in their donnin of operation.
techni ques for appl yi ng object-orientation. Rel ational databases are well understood. They
The object-oriented paradi gmis currentl y breadr be accessed out of “any” programming |an-
ened fromthe programmi ng real mto cover the fulguage. 00 database vendors wants to offer
devel opnent life cycle, including (donain)analtlsé ssane service. Relational database theory is
and desi gn. soundl y grounded i n nathennti cal theories like the
These extensions are driven by the denands oftuple) relational calculus. Sinilar formal found:
large system devel opnent. Delivering huge (gOons may be required for objects.
software systens routinely and cost effecti vel yGan formml techniques play a role to solve the
a significant challenge. To quote Ed Yourdon: "@bove nentioned issues? The panel will contrast
systemconposed of 100,000 lines of C++is not short termfeasibility and rel evance against what
be sneezed at, but we don’t have that much trou-to expect in the nedi umand l onger term
bl e devel oping 100,000 1ines of (OBOL today. The To hel p focus the discussion, we look at the fol-
real test of OOP will conme when systens of 1 to lllowi ng specific topics:
mllionlines of code are devel oped.”

Scaling up seens torequire increasing the precd -y using 00 throughout the life cycle in-

sion of the senantics of the languages/ notationsc.;ease the level of fornality in conparison

used by a team to what has been achieved in the structured

Large, mission critical projects may have to paradi gn?
demonstrate that a target systemsatisfies its spec-
ifications provably. This suggests having, at leagtWll fornnl techniques in OO make the test-
forml semantics for the specificationlanguage. ing/ validation/ verification of a target sys-
When a target system contains an abundance temagainst its requirements easier by orders
of parallelism we face the problemof validationof nagnitudeinconparisonwithcurrent prac-
Frrors can be nearly inpossible to duplicate in atice?



e WIIl fornnl techniques facilitate the devel opeftenintentionally unavailable). Formnl spec-
nent of sizable libraries (at the conceptual jficati ons have defini te advantage over natural
design and code level )? If so, can we expect language here because they are unanbi guous
nassive reuse, and thus a speed up of the de- (I knowabout 50 different things that could

vel opment process by orders of nagnitude? each be called a ‘stack’) and because they can
be processed by a nachine (which opens per-
Paitim Sttemat o Rere spectives for autonnticsearchinconponent 1i-
. braries, for exanple). Evenif the actual spec-
Amic ifications used are not (conpletely) formal,

b oct Cented . L i nally devel formal techniques could help us to devel op a
Ject-orrented programm ng las ort gl nat Ly devel-¢ o ework for specifying conponents i ndepen-

oped wi thout a strong basis in mathenntical for- dently of the code that inplenents them

malism For many people it evenseemed to offer a
solutionto the software crisis without the need for

all that conplicated nath. However, recently thegep nally, thereis of course the possibilityof f1

is arapidlyincreasing interest in applying formglhypnpl verification of critical software. It wil

techni ques to object-oriented progranni ng. certainly still take along time before thisis.
There are several ways in which formal tech- ;qoutine matter, but to alimnmted extent these

ni ques could hel p in object-oriented software detechni ques can al ready be used now. Ibwever,

vel opnent: I think that this aspect has been overenpha-

e [kscribing the basic concepts of our | anguages sizedinresearchonformal techniques.

and systens in a fornal, mathemntical way
can dramatically enhance our understandingyyi|e the potential is clearly present, a lot of

of themand in such a way lead to better lanproblem; still have to be sol ved before the above

guages and systems. This applies particul afdysipilities can be exploited fully. Some of thes

to databases, parallelism typing, and SUPRPHbl ens are specific for object-oriented program

for the early phases of developnent (e.g. nf fig (for exanple, the semantic treatnent of in-

qui renents specification). Here it is not 1etitance), but others have been around for along

essary that theindividual programmer has d¢; . and either have been shied away from(e.g.,

tailed knowl edge of all applicable forml teghy, descriptionof dynamni cally changing pointer

ni ques, but that the designers of the 1angu§gf3uctures) or have proved to be so difficult that

or model take themintoaccount, thus coni N&ven after decades of active research there is no fi-

up wi thabetter environnent for the program,| 4ol ution vet (e.g., specification and verificatic

ner to workin. of concurrent systems). Therefore there is no hope

e Formal techniques can support the devel OI;u_hat formal techni ques will shortlyleadtoarevol u-

ment of methods for software developnent:ﬁlonlnthe sof tware devel opnent process, but I am

whi ch can then be taught to the programmersSUre that they will nake all the difference in the

inaless fornnl, but neverthel ess rigorouslx%%g run. Nevertheless, experience inny conpany

Thi's i s what happened to hi gh school H&the_shows that even on a short term the right use of

matics, but also towell-known techni ques Sé&{ﬁ&l techni ques supported by the right tools can

o : : make a substantial contribution to the speed and
as pre- and postcondi tions and invariants. )
accuracy of the devel opnent process. And that is
e In order to be able to reuse software conpehat it is all about: formality is not a goal init
nents, it is necessary to descri be what exacélfy, but it is only useful as a neans towards nore

they do, wi thout referringtothe code (whi chffisi ent and nore reliable software devel opment.



Isitim Saaat d Dadk can be conbi ned to provide design tine prototyp-
Cdam ing and testing. Higher order logic specification
l anguages, 1ike HOL, have proved effecti ve in veri -
Motto: Wat’s Fornmal Mthods got to do wi thfying designs.
(bject-oriented Devel opnent ? I believe that if fornal notations were incorpo-
The success of the object-oriented approach ha§ed into object-oriented nethods then we could
gained much attention during the last decadexpect:

However the success is at the level of snall teamlnproved anal ysis and design methods that

devel opnents. Industry has learned the hard way . duce coherent model s capabl e of being val -

that large scale efforts are not straightforward. dated agai nst requirements.
are beginni ng to renenber what we used to know!

The laws of software engineering still hold - s tRigorous object-oriented nethods of develop-
ware devel opnent must be a systemtic and man- ment for use on safety-critical applications.

aged process. QbJects are not a panacea. o (bject-oriented CASE tool s which can check
Yourdon’s tedts aneasure of the probl emthat

i A the semantics of nodels.

faces t he newparadi gm One of the responsesis the

upsurge ininterest in object-oriented anal ysis Bl panel statenent asks whether using the

design and CASEtools. Currentlythereis a del upeject-oriented approach throughout the life cyle

of object-oriented anal ysis and design nethods Wild increase the level of formality? No, it will no

CASEtool s. Structured nethods have not led to the i ntroduc-
Anethod is essentially a set of notations itigen of fornnl nethods. It will require a conscious

gether wvithastrategy, and heuristics, for depl‘%ﬁﬁirﬁgto combi ne the naturalness of objects with

them The best of the newnethods have effecti vdéhe precision of formlityin order toinprove the

strategies and contain useful heuristics, butqltﬁhleijﬁy of object-oriented techniques. Until suc

are characterized by too much enphasis on natu@ fusion takes place I ampessinistic about the

ral ness of expressionandintuition. Wenit cdespects for large-scale object-oriented softwar

to notations ad-hoc-eryis the order of the day. ¢gvel opuent.

erybody’s powerful feature is included and every

diffcult issue is ignored. Wiichever nethod y@gtion Satamt o R(g&l‘

choose, you can be sure that the nodels that y

developare built onsand and hence any supporting

tool can be little nore than a di agramedi tor.

Object orientation can be viewed as a natural pro-

In order to measure up to Yourdon’s test, d%’ressioninthetrendtowards increasedfornmalityin

velopsafety-critical software, or writelarge ¢gppysse design. Issues like reusability, inheritas

rent sof tware, the nethods must use notations that, g subtyping that are integral to object orienta-

have a semantics. his is where formal nethods ;o encour age the sound fornnl design of systens,

are relevant. Ikspite the nane, formal methods,; 4t can be argued that it is precisely because of

has relativelylittle to say about methods - ityipg @l ¢ object orientationis beconing so i npor-

about fornal notations. The notations are Witdfnt.

and varied. Specification languages like Z, VDMt are we nowin a posi tion where the devel op-

and HP- SL provide precise and abstract descriﬂi’ént, production and nni ntenance of sof t vare sys-

tions f)f sof tware. Al geb.rai ¢ languages l.i l?e M can be considered an engineering discipline?
and Axis show how nodularity and executabilitys ¢y, term Soft ware Engineering an accurate re-

!Can we build object-ori ented systems that are corrposedﬂectl onof our discipline, or nerelysone fraudul ent

ofmllions of 1ines of code? mi snoner?



Al though systemdesignis central in any f or i tian Satamat o ]ﬁgLGﬂ
devel opnent, it is only part of the story: neth-
ods for fornmnl specificati on and verificati on nleapl e have grounds to be nai vel y optinistic about
to be conbined with object-oriented design, did prospects for couplingfornmul nethods wi th OO
the whole structure i ntegrated within a sound desi gn and progranmi ng.
finement theory. At present we have a collectionMiny everyday aspects of 00D/ OOP represent
of sonewhat disjoint theoretical results. Amtjaformml formml methods”, that are anal ogous to
problemthat remnins is the weaving of these resuliicse foundin various fornal specificationsystens.
into a unified, cohesive and practical engineerihigse i ncl ude the use of abstract classes to declare

discipline that is formally based. behavior in an inplenentation-independent fash-
There is good evidence that the object-orieritgd the use of inheritance toindicate subtype rela
paradi gmcan suggest to us howto proceed. tions, andreliance onwell-understood abstracti ons

. . . . . like Sets, S d Maps.
e (bject-oriented specification techniques are -cosy oeduences, andlaps

being devel oped. Central to this devel Op_The effects of such practices may be enhanced

ment is the realization that specification é’a%lhe creation of forml nethods that extend the

be strengthened by incorporating aspects SgfBnti ¢ pover of these aspects of OOD/OOP, by

object-oriented design, quite contrary ¢ S yupporting the expression of predicate-based con-

conventional w sdomthat separation of cosfraints, axions, and invariants that allowfulle

cerns demnnds that the issues be di vorced. specificati on of behavior than is now possible in

nost common OOl anguages. Languages and sup-

e Refinenent within object-oriented systemport tools need to evolve to accommodate behav-
can be related to subtyping and realized bgral specification constructs that are, ideally,
(restricted) inheritance, i.e. inheritanamttsal fand successful as the OO constructs and

suggests a possi ble approach to refinenent. practices they extend and nodi fy.

. . Use of formal nethods need not be separated
e As object-orientedsystens are constructed, by .
. . ) . fromordinary successful O0software devel opnent
conposing underlying objects, this conposi-. . . . _—
. aclivities. Ffforts to integrate stronger speci fic:
tional structure strongly suggests howve{l .
. 1on nethods into OOl anguages themsel ves, even
cation proofs could also be structured. . . .
when this results in loss of expressiveness and/or

Hence the prognosis is good. For those willingemd fiability are nore likely to be usedin everyday
dreamof a future Utopia there is every reasondeyel opnent than are isolated fornalisns.
believe that object orientation can be conbi neWile verificationis animnmportant aspect of for-
wi th other formal nethods to produce techni quaml approaches to software devel opnent, auto-
that will dranmatically assist the software engimteed verificati on of O0software consisting of the
throughout the soft ware- cycle. ki nds of mmutable, aliased, and/or concurrent ob-
For those more concerned with taking stock gfects commonly found in OO prograns remains a
where we are at the present tinme, we al ready havedastant goal. However, researchers and practition-
collectionof (somewhat i nconplete) formal objers-in non- OO contexts have found that the use
oriented techni ques that, even although far faforhormal nethods by designers and programers
perfect, can neverthel ess hel pus to construct impeoves reliability, testability, and productivi
reliable software systems whose behavior canbeecause of the precision and conpleteness of re-
predi cated and guaranteed with some certaintgui renent and design specificati ons fornal meth-
Shoul d we be using these fornnl techni ques? Giveds encourage. It does not seemfarfetched to be-
the increasing i nportance of software correcthiesse that the same will hold true for OO fornal
andreliability we’re dann fools if we don’t. mnethods, which already tend to outperformstruc-



tured nethods on these qualities. impl enentation fromobservabl e behavi or. Super-
Wile fornnl nethods themsel ves will not autdype abstraction, letting supertypes stand for thei
matically cause greater reuse, their pragmati subigpes, helps you separate interesting behavior
inincreasing “consumer confidence” is an inporromnon-interesting behavior. These kinds of ab-
tant ingredient in making good on the pronisetractionbyspecificationare useful not onlyinpro-
of Q0 nethods to result in mmssive reuse angrans but alsoin fornnl specificati on, verificati on,
productivity inmprovenents. In order to use offtsign, and testing. For exanple, you can verify
the-shelf conponents with confidence, clientsthe-effect of amessage send, based on the speci fica-
quite detailed semantic specifications of the tban of the recei ving expression’s static type, wit
ponents, optinally along with evidence that pmi knowing the receiving object’s dynamnic type
pl enentati ons nmeet those specifications. Thisoriwhat class inplements it. That is, youuse data
turn has the positive effect of enhancing the webktraction to ignore inplenentation detail, and
specifiedness of large systens that use nmny suchpertype abstractiontoignore some of the observ-
conponents. abl e behavi or of subtypes.
In design, you can use subtypi ng as a nore gen-
eral versionof datatype refinenent. Youcancreate
EsitionSatanat (fGay Ieav - a subtype to enbody a designdecision, andtolinit
as the parts of a design that depend on that decision.
You can al so use subtype rel ationships to organize

Fornal techniques can aid in the devel opnent Jfre types in a framevork or library in a way that

hi gh quality application framevworks and 1ibrah§ Sdited to verifiers and clients, since subtype rel

of reusable nodules (such as classes). It is Jbippships are based on observable behavior. Tests

take to concentrate on getting nore code fast%d al so be organized in layers based on subtype

because poorly designed, bug-ridden code will reliationships, since tests for a subtype can inheri

be reused. If youaccept the prenise that qualit§§ES froma supertype’s test suite.

essential for reuse, then youare lead i nexorabl };[]%%real problemin validating software against

formal techniques. Quality software is well dS@jtirenents is finding the “right” requirenents,

mented, easy to understand, etc. The more carefijjnce one cannot fornmlly validate sof t ware against
? ? *

yvou try to be about such aspects of software, fplormal requirenents. Exploratory programning

nore youwill use fornal techni ques. has been useful when requirements are fuzzy, but

For exanple, to develop a reusable appli catidncan be expensive to construct a prototype and

framework, youshoul dreuseit yourself. Hence %}gﬁo‘“t avay. Abetter way to find the right re-

are constantly playing both devel oper and cli djjprements woul d be exploratory specification. In

Specificati ons that say what properties of Soft%(gl%oratoryspe(:lﬁcatlon, youwoul d formllyspec-

a client can rely on are crucial for keeping tlﬁgséuzzy aspects of the systemas many times as

roles straight. Youmust be sure to programcli%en%ded to firmup the requirements. 'Then you

code fromthese specifications, so that you do I(i(())‘%ﬂd prototype just those aspects of the system
use your devel oper’s know edge as a client. Afor-
mal verification can guarantee, for exanple, that
client code only relies on a nethod’s specification,
not itsinplenentationdetails. Infornnl techni ques
are too easily suppl enented by your intuitionas a
devel oper.
Object-oriented design nakes consistent use of

abstraction. Data abstraction hel ps you separate



