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Abstract—In our opinion, methods for constructionof reliable machines, parser generators, generic file 1/O in Unix (as
software are of great importance. Reliability engineering must opposed to record-structured 1/0), many kinds of interpreters,
start in the earliest phases of a software project, and it has to and many more.

consider not only the architectural level, but should be in the C itorical L h bility f f .
mind of humans even earlier when analyzing the problem space. OmPQS'tO”Ca . genericityis the .a ility pr performing

In a previous paper, we argued thatreduction of redundancy Compositions on instances of functional units. Examples are
of software is a central factor for increasing economy and for combinatorical style in functional programming, Unix shells or
increasing the scope of what can be handled by human groups. In ynix make controlling "filter” processes interconnected with

this note, we argue that reduction of redundancy is also a central ;oo jntermediate files, architectural styles like "pipe and
factor for increasing reliability. We review our subclasses of [ "
filters style” [3], and many more.

genericity, called universal genericity, compositorical genericity, ) e ) ) )
and extensional genericity, with respect to their impact on Extensional genericitys characterized as inclusion by ref-

reliability. We find that the superiority of universal genericity —erence followed by extension, e.g. include files, embedded
and compositorical genericity over extensional genericity with \\w frames, object oriented extension of interfaces and

respect to their potential for decreasing redundancy will take . ; : . )
over to the field of reliability, meaning that universal genericity implementations by use of inheritance, and many more. Inclu

has the highest potential for building more reliable systems. sion polymorphism (also called subtype polymorphism) [2] is
As a consequence, OO analysis and design methods (whichregarded as a true subclass of extensional genericity restricted
mostly prefer extensional genericity) arenot the highest potentials  to transformations on types.
for making complex systems extremely reliable. When used as styles of thinking, these classes of genericity
can be used by humans (similar to tools) in very early stages of
|. INTRODUCTION a software project, even on the problem space before entering
In a previous paper [1], we proposed to assign a motiee solution space (e.g. by decomposing problems according
general meaning than usual (e.g. the keywgesheric in to one of the building principles) and even before writing a
Ada) to the term "genericity”: Any automatic tool or sys-specification.
tematic method, whiclkallows for reduction of human-visible
redundancy in some software structure without decreasing 0
functionality, is called a generic tool or a generic method.
We introduced several subclasses of genericity (not necessarilfour original motivation for reduction of redundancy was

. | MPACT ON RELIABILITY

excluding each other) as depicted: driven by economical arguments and tractability arguments.
oy We found that universal genericity has the highmstentialfor
reduction of redundancy, because it mayplogentiallyapplied
\ in an a-prioriunboundechumber of places, evetlynamically

Non—Parametric

o P and in unforeseen places. Compositorical genericity bears
a potential for exponentialgrowth of possible combinations
/ \ \ \ of functional units to networks (cartesian product) und thus
<.« bears apotential for exponential reduction of redundancy.
In contrast, extensional genericity bears onlpaential for
Parametric genericityis a rather broad subclass of generdinear reduction of redundancy, because at each application
genericity subsuming anything which could be done withf inclusion by reference a "logical copy” is created [1].
formalized substitution mechanisms. Examples are macro pghen multiple kinds of genericity apply to (parts of) a
cessorsj-calculus and corresponding evaluator machines, afgstem in parallel, our argumentation applies to each of those
many more. Note that parametric polymorphism of types [2] &pplications separately.
regarded as a true subclass of parametric genericity restrictetiVe view reliability as the outcome of a human effort to
to type concepts, mostly used for achieviggnericity in the produce systems with a certain degree of reliability. Such
small while we also addresgenericity in the largele.g. on an effort is often long-lasting and leads to cyclic revisions
architectural level). and improvements similar to a control loop. Highly reliable
Universal genericityis the ability of an interface or an systems are seldomly produced at once in one single shot.
implementation tosimulate other interfaces or implementa-When human resources are limited, the final outcome is likely
tions in a rathersimpleway. Examples are universal turingto be reacheeéarlier (or sometimes even at all) if the intended
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functionality can be achieved with a less redundant softwargerconnected with pointers; sometin@smposite objectare
structure. Code checking, bug fixing, testing, all becomwiilt via dynamic pointers. Reasoning on such structures may
easier and their amount is reduced ("simplicity”). Thus thkecome extremely hard. Thus we conclude that the probability
likelihood of reaching a certain degree of reliability within dor getting large extensional systems sufficiently reliable is
fixed time will increase with the decrease of redundancy in many cases lower than with compositorical or universal
the software structure solving one single problem instancgenericity.
Thus we conclude that genericity as defined by us is also a
tool for increasing the likelihood of reaching a high degree of I1l. CONCLUSIONS
reliability.

Now we turn to the question of the impact of each
our subclasses of genericity on tpetential for accelerating
human processes for production of reliable systems.

The relation universal> compositorical > extensional
0éenericity does not only hold for th@otentialfor reduction of
redundancy, but also for the potential for increasing reliability.
e . . ) As always when making statements patentialsof general

I_:or QOOd reliability of a universal interface or Implemeni:lasses of SE methods, concrete special instances may behave
tation, it must be correct for the whole class of problems f(HifferentIy.

which it is intended to be universal. The main effort will Although extensional genericity bears the lowest potential,

go into making the universal machine as reliable as pOSSibII‘ﬁOSt research effort of the past has gone into it, e.g. OOAD.

Good un|yer§al congepts require only "trivial adapta'tlons t?o exploit the larger potential of compositorical and universal
new application environments, so the effort for getting th

! . . enericity, much more work is needed on them, independent
adaptation reliable enough should be relatively small (b Y b

X S tom OO and no longer regarding OO as an inevitable basis

nevertheless may be very |mportan'F for the overe.lll.reahblhtyq r new research directions.
the whole system). In summary, universal genericity creates an
opportunityto solve some reliability issue on a large problem
class approximatelpnce and forever

Compositorical genericity has to deal with reliability of eachit] T. Schobel-Theuer, “On variants of genericity,” Proceedings of the
component type als well as of all potential compositions of th;:rgﬂg'iﬂféﬂﬂgo(n&fg”zfggeg',;cﬁn%&égg;v?gssiﬁ'snfr?sr{ﬂtgng 588;?"
instances to networks. While the first usually introduces no pp. 359-365.
additional problems, the latter may become expensive duel3b L. Cardelli _and”P. Wegner, “On understanding types, data abstraction, and
potentially exponentially many combinations. By introductiopy &?lyglgthr%' %?mé’:rtl'gr?’Ssouf{\\,'\g:'okml;i’t;&fe” pgéé;t_c‘gig’s 198
of the concept otlassef networks and by proving reliability Emerging Discipline Prentice Hall, 1996.
on class level, this complexity should be reducible. As pointd#l M. R. Lyu, Software Fault Tolerance Wiley, 1995.
out in [1], good compositorical designs use a high degree
of universal genericity on the interfaces between functional
units. Thus in many cases it should be sufficient to prove
reliability of components against interfaces, not particular
network configurations. As a consequence, interdependencies
between instances beconoethogonal ("blackbox composi-
tion”). In ideal case, the reliability of the full class of all
composable networks should become treatable this way; some
parameters like number of instances, input/output degrees,
nesting levels etc. may be used in coarse models of total
reliability of classes of networks. However, in general some
specific problems likeerror propagationrequire attention in
compositorical networks.

Extensional genericity focuses on reuse of existing compo-
nents by extending them. In many cases (e.g. OO inheritance,
friend classes)whitebox extensions used or can at least
potentially be used and must therefore be checked. In case of
whitebox extension, the reliability of the extended system need
not linearly depend on the reliability of the reused component,
but rather may require a separate in-depth examination of
the more complex total system. At a higher level, many
OO systems create large runtime heaps of object instances
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1There is no contradiction to methods introducing redundancy by replication
of problem instances, solving each independently, and finally selecting the
"best” version for increased reliability [4]. Our arguments apply to problem
solving on a replica. However, under limited manpower constraints or when
the ratio price/reliability matters, it may be sometimes beneficial to spend the
human effort on an extremely reliable solution for an unreplicated problem
instance instead of forking less reliable copies.
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