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paper the authors discuss programming language constructs for encapsiilagjoitlentify two main uses

for these constructs: encapsulation of environments (for whigtueepackages) and constructing abstract
data types (for which tlyause classes)They argue that these twuses are distinct and should be supported

by distinct constructs in the languagehey describe the properties theseoteonstructs should a. They
illustrate these points by considering the design and implementation of a model file system, patterned
loosely on the UNIX* file systemThey describe extensions to Ada+ to support their ideas, and than sho
how the model file system eould be programmed in their extended Adinally, they examine the encap-
sulation constructs in avieother programming languages intended for systems programming. The authors
describe tw kinds of encapsulation constructs. The "package" is used to enclose an environment: a static
collection of declarationsAny kind of object can bexported from a package: constants, types, objects
and subprograms. These exported declarations constitute the padktggéice. Thepackage also con-

tains a collection of pvate declarations, called the bodyat implement the inteate. Examplesf pack-

ages include an implementation of a "virtual machine", and a Logical I/0 sy$tesnother kind of encap-
sulation construct is the "class". The class is used to implement abstract dataAtgfsess is a collection

of data and operationsiaken togetherthese define a metype, and the exported operations define all the
legd operations upon values of that typ€he class declaration is then used to declare variables ofw#he ne
type. Avery important point is thaéll operations on ariables of this ne type must be defined by the
class. Thisincludes initialization, termination, assignment, copying and compariBonexample, con-

sider an object of class type local to a procedure. When this procedure is called, the object is instantiated,
and must be initialized. When the proceduxése the object is destroyed, and resources mag tmabe
reclaimed. Botlof these operations must be under the control of the programmer of theltthsy.are

not, then the client muskplicitly initialize the object, and explicitly desfrat, which is insecure. In sum-

mary, a dass can only>gort operations, the declaration of a class introducesvaype, and there can be
arbitrarily mary instances of this typeA package can export pmeclaration, its declaration introduces an
ervironment, and there can be only one instance of a particular packagelbe and Ravn argue that
these tw uses are different enough to warrant different language constructs and that a systems program-
ming language should include botithey point out that it is possible to simulate a class using a package.
However, they describe seeral problems with this simulation, primarily the lack of contreércall opera-

tions. In[2], Wirth discusses the lack of a class construct in Modula, the predecessor to Moéida-2.
asserts that typical packages in systems programming tend to bedselatige, with only one instance.

He concludes that the class construct is not required for systems programming lanéymueise and

Ravn would ague that the class is needed in systems programming and that the language should guarantee
the integrity of class objects. The authors describey af simulating packages with classes, but only if

the classes carxport declarations other than routindsven in this case, there are problems with the secu-

rity of the classesThey aso describe other desired attributes of encapsulation constructs. Thacmterf
specification should be strictly separated from the implementation of that specification. This makes it pos-
sible to specify seeral different implementations for the same interface, whiclk tlse to advantage in

their implementation of the phical I/O package. The authors proceed to illustrate these ideas via a model
file system. They describe the file systemi'user interface, which consists of theantype File, and the
operations upon it, embedded in a Logical I/O packdgeorder to implement the file system, yhaust

choose a programming languagk key point of the paper is that nxisting language contains the neces-

sary encapsulation constructBhey chose to extend Ada with classes to satisfy the requirements set out at
the beginning of the papeiTheir motivation for choosing Ada is discussed briefigd the reasons do not

seem compellingThey chose Ada because it is "state-of-the-art", and has a "comprefye¢hsugh infor

mal, reference manual”. The stated goal of the paper is "not to design a 'better’ SPL ... Insteadi-.. the dif
culties of implementing [the model] file system directly wiiseng SPLs are analyzedMowever, the

buk of the paper is concerned with the implementation of the file systemténded Ada. Perhaps a
smaller language, e.g., Modula-2, would/daisplayed the issues more shar@jowing a more concise
exposition. Thesyntactic &tensions are indeed quite small, and are shown as modifications to the Ada
grammar The semantics of the constructs are described as the construction of the model file system pro-
ceeds. ¥rious semantic and implementation issues are discussed asisheduring the exposition of the
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implementation. "By-referenegfiarameter passing and assignment are discussed at length. The authors
present a good gmment for this, pointing out that the altermedi present serious problems for shared
resources. Classess described here, do not require run-time support and the compiladibead is min-

imal. They aso discuss dynamic binding of class bodies to instances of the €lagsmotivate this \ery
effectively as a natural way to provide the same user interface to files implemented on different kinds of
devices. Thg discuss various ways of implementing dynamic bindiAfter presenting the model file sys-

tem, the authors considewseal existing programming languages whichytikensider representaé o the
encapsulation mechanisms currentigilable. Thelanguagesaluated are Ada, Pascal Plus, Concurrent
Pascal, Modula-2, Mesa and CLU. Theakiations aredirly short, and in each case the language is found

to be inadequateThey argue cowincingly that their proposals are more secure and more flexiblgpthan

vate types in Ada. Their criticisms of the other languages alig wonsidering the authors’ stated goals.
However, they incorrectly state that in Modula-2 the represntation and specification of modules are not sep-
arable. Theauthors conclude that no existing language provides the encapsulation constructs needed to
directly and securely implement the model file system and ahmilar systems.They argue that better
constructs, such as thosethavedesigned are needed.

* UNIX is a trademark of Bell Laboratories
+ Ada is a trademark of the U.S. Department of Defense (AJPO)
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