January 1997. To appear in Nordic Journal of Conputing.
Speci al |ssue on Progranmi ng Environments.

Attrib ute Extension — A Technique f or
Enforcing Pr ogramming Con ventions

Gorel Hedin

Dept of Computer Science, Lund InstituteTethnology
Box 118, S-221 00 Lund, Sweden
e-mail: Gorel.Hedin@dna.lth.se

Abstract. A problem in supporting reusability sbftwarelibraries and frame-
works is that the programming cemtions which need to be folled are only
informally described. Safer reuseowd result if these caentions could be
enforced, preferably at compile timiEhis papempresents @aechniquesupporting
such enforcemeniThe technique is based on atirid grammars and alls the
construction of xtensible compilers and chesis.

Keywords: domain-specifi languages, xensible languages, reusabilitglass libraries,
object-orientedrbmevorks, attribute grammarsextensible ompilers.

1 Introduction

Libraries as language extensions

One of the most importantays to obtain reuse in sofne deelopment is to construct reus-
able libraries of program componenislibrary can be thought of asdmain-specifi lan-
guage, because abstraction mechanisms such as classesthodsallow the modelling of
domainspecift concepts. In object-oriented frawaks this idea isftentaken even further
by embedding also the main application hétrain the library thus making the library more
of an etensible application than an application subcomponent.

User interice framworks such as MacApp and the Smalltalk Modaw/Controller
(MVC) made OO framaorks widespread and recognized as weyful reuse technique
[Deu89,JF88], ut the idea of OO frammorks dates back to Simula with class Simulation
which pravided an object-oriented framverk for discrete eent simulationThe viev of OO
programming as a languagetension technique &s eplicitly stated as one of the main
points in Simula, where one can read the fuitn in the predice of the language deifion
[DMNG68]:

“A main characteristic of SIMULA is that it is easily structal towads specialized
problem aeas, and hence can be used as a basis for Spgmititation Languges.

In the following, we will use the terntibrary to cover ordinary procedural libraries, class
libraries, and object-oriented framerks.A problem with reusing libraries is that the pro-
gramming comentions which need to be folled in order for the library to evk properly
are only informally described (if theare described at all). Rost libraries may include run-
time checking of some of the ammtions, bt it is usually not possible to add run-time
checks for all possible ceention violationsThe result is that ceention violations lead to



run-time errors, often occurring deep within the libraries, and whicheayedifficult for the
application programmer to understand andudeb

Library-specifi ¢ static-semantic checks
The goal of this paper is to pursue the idea of a library as a languexgéugher by alla/-
ing library-specift static-semanticheding to be added to a base languadfe. suggest a
way of specifying such checks and ofahtio construct anxd@ensible compiler which can be
extended to perform these checksir@chnique allws more errors to be caught, errors are
caught earlier (at compile-time rather than at run-time), andate associated to rekmnt
points in the program.

We hare chosen to alle extension only of static-semantic checkst hot etension of
the contet-free syntax, or changing the static- or dynamic semantics of the base language.
Thus, ay program accepted by tiegtended ompiler will also be accepted by an ordinary
base language compiler and will produce the same dynamiwibehEhis has seeral
adwantages. In particulathe application programmer canédill adantage of production-
guality base language compilers and other tools (e.gigdelns), and does not need to learn
ary new syntax.To also allev extension of base language syntax and semantics coulel mak
it easier to specify the library-specifchecks, and could makapplication programming
more conenient. Havever, we beliee there is a lge set of problems where the adtages
of keeping compatible with the base language outweighs ttantedyes of defingdomain-
specift syntax.

The syntax and semantics of the base language has a paramoentcamin he diffi-
cult it is to specify the library-spedfichecksOur approach can be applied ty gmogram-
ming language based on a cotiEee grammarHowever, it is grimarily intended for base
languages in theatically typed object-orientef@mily, such asC++, Jaa, Eiffel, Simula,or
BETA. The static typing and the data abstraction and specialization mechanisms of these
languages prades a suitable basic semantic fravoek necessary for being able to easily
add maw kinds of library-speciti checks.

In this paperwe focus on enforcing library-specifiorventions. Havever, the technique
for adding usespecifed semantic checks is also appropriate for enforcing general program-
ming style comentions, or programming ‘fes” such as thel‘aw of Demeter” [LH89], and
similar restrictions on he the base language should be used.

Other approaches to enforcing programmingvenionsare Minsky’s Lav-Governed
Architecture [Min95, MiP94] andMeyer's CCEL system [MDR93, CM93b]. I8ection6
we will compare these approaches to ours.

Attrib ute extension

To enforce programming ceentions we propose a wetechnique,attribute etension
which allowvs a static-semantic chemkfor a base language to beéemded with library-spe-

cific checksThe checkr malkes name bindings, types, and other static-semantic properties
of the base languagwailable through &#ase gammar interfacespecifed in an object ori-
ented formAn extension gammarcan be written for a gen library specifying whathecks

to perform on application programs using that librdihe extension grammars are a kind of
attribute grammars whichxéend the base grammar intecé.

Paper organization

The rest of this paper isganized as follws. InSection2 we give an @ample of a monitor
library, illustrating hav the choice of base language caiectfthe number of programming
conventions which need to be enforced.Saction3 we describe the attnitbe extension



mechanismSection4 gives an xample ¢ an extensiongrammarIn Section5 we discuss
implementation considerationse@ion6 relates our approach to othe@ork and Sectiory
summarizes the results

2 Language impact on pr ogramming con ventions

The nature and el of the base language naturally has a great impact on what programming
corventions are needed for avgh problem, and ho difficult they are to &pressWe will
illustrate this by imesticating a series of languages with increasing abstraction capabilities,
ranging from only procedural abstraction to a language with abstraction and specialization
mechanisms for both procedures and dete example we will ivesticate is a library for
concurrent programming which includes an emulation of the monitor construct.

A monitor[Hoa74, Bri75] is a language construct similar to a class or abstract data type
where speciakntry pocedues guarantee mutuallyxelusive access to the encapsulated
data. Furthermore, it is possible to associateralitionwith an entry procedure in order to
delay processes calling the entry procedure until the condition Iefijift.g. delaying a call
to a procedurget on a luffer until there is at least one element in théfds.

To construct the monitor library component, we assume there is already a library compo-
nent for semaphoresailable. It is then straight-foravd to emulate the dynamic bera of
monitors, as plained in standard tébooks on concurrent programminge will investi-
gate what programming ceentions an application programmer needs to fotlo male the
monitor library work properly and hev the programming caentions difer depending on
the base language chosen.

We will look at three caggories of base languagekhe first base language is a proce-
dural language, lik C or Rscal, which contains procedure and record type constiiunes.
second base language is an object-oriented language; ik, Jaa, or Simula, which con-
tains a data abstractioadility (the class) and a data specialization mechanism (subclass-
ing). The third base language is an object-oriented language veisthincludes a
mechanism for specialization of procedures BETA [MMN93]. Libraries for concurrent
programming, containing emulated monitor constructist éor all of these language cate-
gories. (Of course, ¥a does not need such a library since it containsil&ib language
construct for monitors At Lund Institute ofTechnology such libraries ha been used for
mary years based onaBcal, Modula-Il, and recently on Simula [Mag96]. Emulation of
monitors in BER is described in [MMN93].

2.1 A procedural base langua ge

Figurel shows the interfice of a library which can be used to program emulated monitors in
a procedural languagasing Rscal syntaxThe library contains a pointerge MonitorVari-
able (pointing to a recoraontaining the semaphores needed dgmchronization oftte
monitor), and proceduremitMonitor, enterMonitor, exitMonitor, and awaitMonitor-
Change.

When using this library to implement a spexifionitor the conentions listed in Figure
3 should be folleved. Figure2 outlines an xample application program with a FIFO
bounded bffer monitor which follevs these corentions.

Even if we assume that the application programmer is coogewaittries to follow the
corventions, there are weral mistaks which are easy to do and which lead w@seerrors.
For example:



type MonitorVariable = *MonitorVariableRecord; (* contains semaphores for the monitor *)

procedure initMonitor (M: MonitorVariable) ...
(* Initializes the monitor variable *)

procedure enterMonitor (M: MonitorVariable) ...
(* Waits until the monitor is free, then enters it (locks it) *)

procedure exitMonitor (M: MonitorVariable) ...
(* Leaves the monitor (unlocks it). Also causes processes awaiting change to be put on
gueue for entering the monitor. *)

procedure awaitMonitorChange (M: MonitorVariable) ...
(* Leaves the monitor and waits until some other process has visited the monitor. Then
enters the monitor again. *)

Figure 1  Library: Procedural interface for building monitors

type
(* monitor *) FIFOMonitor =~ FIFOMonitorRecord;
FIFOMonitorRecord = record
M: MonitorVariable;
BB: BoundedBuffer; (* the protected data *)
end;

(* init *) procedure InitFIFO (B: FIFOMonitor);
begin

new (BM.M);

initMonitor(B~.M);

new (B".BB);

initBuffer(B~.BB);
end;

(* entry *) procedure put (B: FIFOMonitor; E: Element);
begin
enterMonitor (BA.M);
(* condition *) while boundedBufferFull(B~.BB) do awaitMonitorChange(B".M);
boundedBufferAddAsLast(B".BB, E);
exitMonitor (BA.M);
end;

(* entry *) function get (B: FIFOMonitor) : Element;
begin
enterMonitor (B".M);
(* condition *) while boundedBufferEmpty(B”.BB) do awaitMonitorChange(B".M);
get := boundedBufferRemoveFirst(B*.BB);
exitMonitor (B~.M);
end;

Figure 2  Application: Procedural implementation of a FIFO monitor

Omission of a call teenterMonitor may lead to unsynchronized updates of the
buffer, leading to inconsistencies in thefier representation and to run-time errors
(violation of comwention3.)



1. Monitor emulation. The monitor should be emulated by a record tiRpeon-
taining avariableM of the pointerype MonitorVariable. Additional dataD in R
constitutes the data to be protected by the monitor

2. Entry pr ocedure emulation An entry procedure dR should be emulated by
normal procedure which hagainter b anR-instance as one of its parameters

3. Entry procedure implementation An entry procedure should v& a call to
enterMonitor(R.M) as its fist statement and a call &xitMonitor(R.M) as its
last statement. Calls &nterMonitor and exitMonitor are not alleved in other
places in the program.

4. Data protection. The dateD may only be inspected and changed by entry prc
dures ofR, or by procedures called by the entry procedures.

5. Conditional entry emulation. Conditional entry of the monitor should be pr:
grammed by a statement

while condition do awaitMonitorChange(M);
as the second statement in the entry procedure. CallaimMonitorChange
must not occur in other places in the program.

6. Initialization . For each monitor instance (instanceR)f exactly one call tanit-
Monitor(R.M) must be doneThis call must be done beforeyatalls to the entry
procedures oR.

Figure 3  Conventions for the procedural library

« Access to monitor data outside of an entry procedwesgimilar errors (violation of
corvention4).
* Omission of a call texitMonitor may lead to deadlock (violation of ceention3).

An additional problem is that it is possible to use the library withoutviaiig the con-
ventions, and still get a program whiclonks, tut which is ery difficult to read and main-
tain. Examples include placing the monitoariable outside the record containing the
protected data, @lacing theenterMonitor and exitMonitor calls at the entry procedure call
sites rather than inside the entry procedufégse are common errors made by students.
The cowentions thus promote both a uniform and correxy of using the libraty

2.2 An object-oriented base langua ge

In an object-oriented language, data abstraction (classes) and data specialization (subclass-
ing) can be used to emulate monitors withch $mpler programming carentions than in
the procedural case.

The primitive monitor operations can be encapsulated in an abstractMdagsr, and
the application program can dwedi specialized monitors by creating subclassédawitor.
This provides a simpler intesice and a much nicer application program structure than in the
procedural case, as seen from Figutemd5 (usinga Jaa-like syntax) In particulay the
existence of the monitorariable and the monitor initialization is completely hidden from
the application programmer



The object-oriented solution is much simpler than the procedural one. Natajeho
that the application programmer is still required to felthe conentions of addingnter,
exit and awaitChange calls at the appropriate places in the entry methods. Figure
describes the comntions needed to be folled by the application.

Note that for tw of thecorventions,no checks are needed at all: Monitor emulatin (
can only be done in oneay and there is therefore no ndedary checkslnitialization ©)
is automatically tagn care of by the libraryor the othecconventions,thechecks ee much
simpler to &pressThis is because the realization of the monitor construct as a classagi
syntactic relation between the monit@riable, the primitie monitor operations, the entry
methods, and the protected data. In the procedural solution, these relations are all based on
parameters, making the a@mtions ivolved more compbe

(For simplicity, we assume that teturn construct only sets the returalue of a func-
tion. For Java and C semantics where tte¢urn construct also returns control to the caller
one would need slightly more compleprogramming coventions: entry methods omld
need to s the return alue in a local ariablev, and place the statememeturn v’ after
the call toexit.)

public class Monitor {
protected void enter() {...};
protected void exit() {...};
protected void awaitChange() {...};
h

Figure 4 Library: Interface to an abstract monitor class

public class FIFOMonitor extends Monitor {
priv ate BoundedBuffer BB = new BoundedBuffer();

/* entry */ public void put (Element E) {
enter();
/* condition */ while (BB.full()) awaitChange();
BB.addAsLast(E);
exit();
b

/* entry */ public Element get () {
enter();
/* condition */ while (BB.empty()) awaitChange();
return BB.removeFirst();
exit();

Figure 5 Application: Object-oriented implementation of a FIFO monitor



1. Monitor emulation. No chedks ae neededA monitor is emulated by a subclas
C to the abstract claddonitor. The dda D in C constitutes the data to be prc
tected by the monitor

2. Entry procedure emulation An entry procedure should be emulated by
method inC.

3. Entry pr ocedure implementation An entrymethod fould hae a call toenter
as its frst statement and a call éit as its last statement. Calls¢ater and exit
are not alleved in other places in the program.

4. Data protection. The dataD may only be inspected and changed by emteyh-
odsof C, or by methods called by the entngthods.

5. Conditional entry emulation. Conditional entry of the monitor should be pr:
grammed by a statement

while condition do awaitChange;
as the second statement in the emtgthod.Calls toawaitChange must not
occur in other places in the program.

6. Initialization . No che&ks ae neededInitialization of internal monitor sema
phores is done automatically at the creation Mdoaitor instance.

Figure 6 Conventions for the object-oriented library

2.3 An object-oriented base langua ge with submethoding

It is possible to obtain a library wittven simpler programming ceentions if the object
oriented language suppopscedunl specializationi.e. if a method can ka submethods,
in analogy to a class Wiag subclasses. Such submethodingviailable in the object-ori-
ented language BAT[MMN93]. A submethodextends its supermethod in the fallmg
way: The supermethod may contain a stateniemér which causes the code of the sub-
method to be xecuted. Submethods may declare additional input and output parameters
(return \alues).Theinner construct originates from Simula where it is used in class bodies.
The idea of submethodsaw also proposed in §475] where monitors & one of the princi-
pal exkamples usedlhe use of subclassing and submethoding for modeling monitors is also
treated in [LM81] and [MMNO93].

Figure7 illustrates hav submethoding is used to encapsulate the cabligitier andexit
in an abstract methaghtry. In the application, (Figur@) the entry procedures are defil as
submethods tentry, and the calls tenter andexit are thereby automatically tak care of
by the library (We use anxension of Jea syntax rather than BETto male the syntax
more familiar to most readers.)

Also the while-loop for conditional entry is encapsulated in the abstnéigt method in
the library remaving this lurden from the application program. In order to specify the con-
dition, a local methodondition is defned inentry, and submethods @itry can werride
this local method to return the appropriate conditiatue. This technique relies on the
unlimited block-structuring\ailable in BETR, allowing classes and methods tovédocal
classes and methods.



public class Monitor {
protected void entry() {
boolean condition() { return false; };

enter();

while condition() do awaitChange();
inner ;

exit();

Figure 7 Library: Interface with abstract method entry

public class FIFOMonitor extends Monitor {
priv ate BoundedBuffer BB = new BoundedBuffer();

public void put (Element E) extends entry {
void condition () { return BB.full() };
BB.addAsLast(E);

h

public Element get () extends entry {
void condition () { return BB.empty() };
return BB.removeFirst();

h
h

Figure 8 Application: Using submethoding

The use ofnner in submethoding is somiiat similar to th&femplate Method design pat-
tern [GHJV94].A template method defés the séleton of an algorithm, deferring some
steps to subclasses by calling methods whichwsegidden by a subclass. In a similaayy
the methocdentry is a skeleton where the actions tkat the point ofhner are deferred to a
subclass.

However, the Template Method design pattern isfelient from submethoding, and can
not be used to sodvour problemThe best we could do with tiemplate Method auld be
to defne two template methodsut andget in classMonitor, and let them call abstract
methodsputCondition and putAction, and getCondition and getAction, respectiely.
These abstract methodewd then be implemented in subclasselslomitor. However, this
would restrict our monitor functionality to monitors witkaetly two entry methods, and
would furthermore mak it necessary to decide on the number and types of parameters
already in the libraryln contrast, in a library based on submethoding, applications can
define monitors with an number of entry methods and with parameters decided by the
application.

Thus, a library based cremplate Methods does not contain support for implementing
general monitors, and is much too restvieti



By using submethoding, the aamtions that application programs need to adhere to are fur
ther simplifed asshavn in Figure9. Here,checks & only needed for data protectiaog-
vention4).

1. Monitor emulation. No cheks ae neededA monitor is emulated by a subclas
C to the abstract claddonitor. The dataD in C constitutes the data to be prc
tected by the monitor

2. Entry procedure emulation No cheks ae neededAn entry procedure is emu:
lated by a submethod emtry.

3. Entry procedure implementation No cheks ae neededCalls toenter and
exit are automatically tan care of by the library

4. Data protection. The datadD may only be inspected and changed by emteyh-
odsof C, or by methods called by the entnethods.

5. Conditional entry emulation. No chedks ae neededConditional entry of the
monitor is programmed byverriding the local methodondition in the entry
method.

6. |Initialization . No cheks ae neededInitialization of internal monitor sema
phores is done automatically at the creation Momitor instance.

Figure 9 Conventions for the object-oriented library based on submethoding

2.4 Summary

We hare seen in thisxample hav the choice of base language dramaticallyugiices the
compl«ity of the pogramming cowentions which need to be folled by an application
programmerHowever, even a ery adwanced language EkBETA can notcapture A pro-
gramming cowentions. Library usage can still be made safer by adding library-specifi
checksWe hae also seen that by using an object-oriented language, the structure imposed
by the class abstractions neakit easier toxpress the programming cantions.

3 Attrib ute extension

To do library-specifi checking, a cheekknowledgeable bthe library-specifi rules should
be run on each application program using the libremplementing such a chesmkfrom
scratch for each libraryould be a lage task, since it auld need to redo much of the name
and type analysis for the base language in order to proceed with the librarycsypesiks.
Instead, it is desirable to V& anextensible beder which performs name- and type
analysis for the base language, and to which library-spedificks can be easily added.
When running thex@ended chealr on a gien application program, the checks for each of
the used libraries are performed.
We propose a technique callatiribute extensionto kuild such an ended chec:
This technique mads use of the folleing speciftations:

e A base gammar interfacedescribing name binding information, type information,
and other useful general information about a program in the base language.



* An extension gammar describing the library-spedifistatic-semantic checks, mak-
ing use of the base grammar inbexé.

e Attribute commentsannotating an application program to describe relations to the
library that cannot bexpressed in the base language.

(With “application program” we mean aisource code element using the librdny appli-
cation program could itself be a library rather than a complete program.)

3.1 Base grammar interface

The base grammar intede is a conté-free grammar @ended with function signatures.
These function signatures are similar to atiiébdeclarations in an atttite grammarbut
are more general in that:

1. A function may tak one or more guments, whereas an attitb corresponds to a
function without aguments.

2. The function aguments and resullues may be references to syntax tredes or
other objects. In contrast, attuiles in an attribte grammar are usually only alled
to have applicatie values (thg cannot be references to objects).

An example basegrammar interface

The contat-free grammar of the base language is sptifising an object-oriented gram-
mar notation [Hed89]. Both nonterminals and productions are mappedd® classes
which are arranged in an inheritance hiergrdkipically, nonterminals correspond to super
classes whereas productions correspond to subclasses. It is also possidentoreathan
two levels in the node class hieraygho use abstract superclasses to model aspects on a
more general kel than nonterminals and productions. In tRaneple grammar belo we
male use of three such abstract supercladéade - the abstraction of grsyntax node in a
base language prograidescendant - the abstraction of gmode &cept for the root node,
andRoot - the abstraction of the root nodghese node classes are alsovemient when
specifying general bekior in the etension grammars.
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Figure 10 shavs parts of a base grammar intexd for an object-oriented language. It
includes node classes for some aspects of class declarations, method declarations, and state-
ments

nodec lass Node ::= {
integer function cardinal()

nodec lass Descendant extends Node ::= {
integer function childNo()

nodec lass Root extends Node ::={}

nodec lass Declaration extends Descendant ::= {
string function globalName()
boolean function public()
boolean function protected()
boolean function private()

nodec lass ClassDecl extends Declaration ::=
(optional SuperClassld, Classld, DeclList) {
ClassDecl function superClassBinding()

nodec lass DeclList extends Descendant ::= list of Declaration {}
nodec lass VarDecl extends Declaration ::=
(Type, Varld, optional Expression) {

nodec lass MethodDecl extends Declaration ::=
(optional ReturnType, Methodld, FormalParamList, MethodBody) {

nodec lass MethodBody extends Descendant ::= list of Statement { }
nodec lass Statement extends Descendant ::={}
nodec lass MethodCall extends Statement ::=

(Methodld, ActualParamList) {

MethodDecl function methodDeclIBinding()

nodec lass WhileStmt extends Statement ::= (Expression, Statement) { }

Figure 10 A base grammar interface (incomplete)

The most general cladde has a functiorcardinal which returns the number of chil-
dren.The childrenhave sequence numbers fromcardinal, and the functiorchildNo in
Descendant returns that number

The node clasBeclaration has a functioglobalName which returns a globally unique
name of the declaration, e.d.:C:m” for a methodm in a clas<C in a libraryL. It also has
functionspublic, protected, andprivate, which returrtrue if the declaration is a method or
variable declared with gnof these modiérs.These functions are inherited ByassDecl,
VarDecl, andMethodDecl which etend (are subclasses @ficlaration.

Constructs which access named entitiegefafunction returning a reference to the cor
responding entityMethodCall has a functiomethodDeclIBinding which returns a refer
ence to the corresponding method declaratioBlassDecl has a function
superClassBinding which returns a reference to the declaration of the superclass.
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3.2 Extension grammar

The tension grammar for a library describes the library-smecifecks to be carried out
on an application program using the librarlie extension grammar is an attute grammar
extending the classes in the base grammar axterfvithattribute declaations andequa-
tions An equation has the form

eq Attr = Exp

whereAttr is an attrilnte andexp is an gpression ver other attribte \alues An attribute is
declared as eithesynthesizedused to propage information upards in the syntax tree) or
inherited (used to propage information denwards). It is the responsibility of each node
classC to declare equations deffig the synthesized atttites inC and the inherited
attributes in son nodes {©. This implies that there isxactly one defiing equation for each
attribute. Preided that there are no circular defions, all attriute \alues will then be
unambiguously defied.

As in a standard attnitbe grammarthe right-hand sidexpressionExp may access
attributes in the syntax node itself or in the son nodes. In addiigmmay call functions in
the base grammar intade, and access attities and functions in the (remote) syntax nodes
returned by such function§hus, although most attibe dependencies in thatension
grammar are local, it can use the base grammaractetd propagte non-local information,
e.g. along decl-use bindingehis will be xemplified in Sectior.2

Since the contd-free grammar (defied in the base grammar intr€) has the form of a
class hierargpy the usual bene§i from object-oriented descriptions are obtained, i.e., the
possibility to describe betir at appropriate leels of abstraction and toverride dedult
behaior for specifc casesAttributes and equations are inherited (in the object-oriented
sense) from superclasses to subclasses, and equations in subclassasidarequations in
superclasseS his males it easy to defe general bel#r applying to may node classes
without having to clutter the grammar with marsimilar attrilute declarations and equa-
tions, as is a normal problem with standafs. E.g., by placing equations and/or atiré
declarations in the most general node chiade, the behaior will apply to all nodes in the
syntax tree. Examples of thisvgh in Sectior.

In addition to the usual synthesized and inherited atg#) an xtension grammar
includesprogram-defined attritutesanderror attributes as discussed in the folling sec-
tions. The error attribtes are the ones actually describing the library-spedifecks to be
performed.

3.3 Attrib ute comments

Some relations between a library and an application program cannot be easily described
using the base language itselfrExample, the programming ceentions for the object-ori-

ented monitor library in Sectich?2 stipulates that there aredwinds of methods in lslon-

itor subclass: entry methods and non-entry methdgpropose that this distinction is made

by annotating the application program with a spedifid of comments: If a comment

[*=entry =*/

12



is added in front of a method declaration, it will bgareled as an entry methothe appli-
cation programmer can think of this comment as a neydifithe method construct.

We call these commentdtribute commentsAn attribute comment corresponds to an
equation which werrides the defult equation gien in the gtension grammar for a particu-
lar syntax node instancattributes whose defitions can be werridden lile this are called
program-defined attritutes An attribute comment has the follagng general form:

[*= attribute = literal-value =*/

whereliteral-valueis a literal alue of a primitie type, for gample a literal boolearalue
(true orfalse), a literal numerical alue (0, 1, 2, ...), or a literal stringlue. Because it is
very common for program-defed attrilutes to be boolean, we alldhe attrilute comments
for such attribtes to be abbwiated to simply the name of the attrib, meaning that the
attribute is defied totrue. For example,/*= entry =*/ is equvalent to/*= entry = true =*/.
Program-defied attrilutes thus gie an application program the possibility to control the

attribute \alues of indridual syntax node instanceBhe attritute comment*= entry =*/
sets theentry attribute of a particular method toue. The defult defnition of theentry
attribute is speciéd in the gtension grammar as folis:

addto MethodDecl {
progdef boolean entry = false ;

I3

The tension grammar mals use of the construatidto to indicate what node class in the
base grammar the attute declarations and equations belong to. In theeab@ample, the
(default) equation foentry is given directly in the declaratiofhis is shorthand for ging
the equation separately as bvelo

addto MethodDecl {
progdef boolean entry;
eq entry = false ;

h

The tension grammar says that thealéf value ofentry is false for each method. In the
application program, thentry attribute can be gen the aluetrue for individual methods
as follows:

[*= entry =*/ put (Element E) ...
[*= entry =*/ Element get () ...

3.4 Error attrib utes

The output from running thexeended cheddr for a library on an application program is a
set of error messages attached to the language constructs in the application pndiam,
ing faulty use of the libraryfo support this, thexéension grammar declares some ates
aserror attributes An error attrilute is a string-&lued synthesized atttite which should be
defined as an appropriate ersiring if there is a library-speciierror and the empty string
otherwise.
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For example, to check that an entry method contains a calhtier as its fist statement
we could add an error atttite missingEnter to the language construdtethodDecl as fol-
lows:

addto MethodDecl {
error string missingEnter =
if entry and not firstStatementIsEnter
then “Missing call to enter”
else *

h

The defiition of missingEnter makes use of a synthesized boolean aitelfirstState-
mentlsEnter described belw.

3.5 Access to specifi ¢ named entities

In writing the specifiation of the library-specdichecks, we need to be able to refer te par
ticular named entities in the librarfor example, in defiing the attrilnte firstStatemen-
tiIsEnter used abee, we need to refer to the methenter to check if the fist statement of
an entry method is actually a calldoter.

Since may library-specift checks need to refer to named entities, the base grammar
interface contains a functiagiobalName which returns a unique name for each declaration
in a program. Br example, the global name for tlemter method isMonitorLib:Moni-
tor:enter, whereMonitorLib is the name of the library containing tienitor class.

Using theglobalName function, we can defe an attriaite globalMethodName for all
statements, defed as the global name of the method if it is a method call, and the empty
string for all other statement8he attrilute globalMethodName can be used to de& an
attribute globalMethodNameOfFirstStatement for a method bodyand this attribte can
in turn be used to defé the attribtefirstStatementisEnter:

addto Statement {
syn string globalMethodName = “"; default equation

}

addto MethodCall {
eq globalMethodName = methodDeclIBinding().globalName();
overrides equation in superclass Statement

}

addto MethodBody {
syn string globalMethodNameOfFirstStatement =
if cardinal() =0
then *”
else Statement[1].globalMethodName;

}

addto MethodDecl {
syn boolean firstStatementlsEnter =
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(MethodBody.globalMethodNameOfFirstStatement =
“MonitorLib:Monitor:enter”);

}

The equation defing the attrilnte globalMethodName in MethodCall overrides the
default defnition given in Statement (the superclass dflethodCall). This equation calls
the functionmethodDeclBinding available inMethodCall and then calls the functiagio-
balName on the result froormethodDeclIBinding.

The defnition of the attrilite globalMethodNameOfFirstStatement shavs the use of
list node classedvlethodBody is a list node class with a sequencetdtement compo-
nents which can be accessee ldn array

4 An example e xtension grammar

In this section we ge an @ample of hav to specify the programming ceentions for the
object-oriented monitor library of Secti@® using attrilute extension.The etension gram-
mar for the library mads use of the base grammar irded gven in Sectior8.1. For each of
the cowentiors listed in Sectior2.2, we describe a number of specithecks ad shev how
these an be specifid in the gtension grammar

Figurell summarizes the notation used xtemsion grammars.

progdef A synthesized attribute whose defining equation may be
overridden in the application program for individual syntax nodes.

error A synthesized string attribute which will be displayed as an error if its
value is not equal to the empty string.

syn A synthesized attribute (defined in the node itself)
inh  An inherited attribute (defined by the parent node)
eg An equation

eg all NodeClass.attr = exp Collective equation defining the value of the
attribute attr of all children of type NodeClass.

The declaration of a synthesized attribute may include an equation. l.e.,
kind type attr = exp;
is equivalent to

kind type attr;
eq attr = exp;

Figure 11  Notation used in extension grammar
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4.1 Monitor em ulation

As noted in SectioB.2, ary subclass to the library clabtonitor is regarded as an emulated
monitor. No checks are needed for this ¢ention.

4.2 Entry procedure em ulation

Entry methods are marked by/*= entry =*/

To control which methods should beyaeded as entry methods, we require that each entry
method is annotated by placing an atttdocomment*= entry =*/ before the method decla-
ration.This is matched in thexeension grammar by a program-ah&fil attrituteentry in the
node clas$lethodDecl:

addto MethodDecl {
progdef boolean entry = false;

}

Entry methods may only be declaed in Monitor subclasses
Entry methods may only be declared in subclassk®totor. This is checkd by adding an
error attritute misplacedEntry to node clasMethodDecl as follows:

addto MethodDecl {
error string misplacedEntry =
if entry and not inMonitorSubclass
then “Misplaced entry method”
else

}

The defiition of misplacedEntry uses (directly or indirectlythe atributesinMonitorSub-
class andisMonitorSubclass. These attribtes are defied as follavs:

addto Declaration {
inh boolean inMonitorSubclass;

3

addto DeclList {
inh boolean inMonitorSubclass;
eq all Declaration.inMonitorSubclass = inMonitorSubclass;

3

addto ClassDecl {
syn boolean isMonitorSubclass =
(superClassBinding() =/= null and
(superClassBinding().globalName() = “MonitorLib:Monitor” or
superClassBinding().isMonitorSubclass));

eq DeclList.inMonitorSubclass = isMonitorSubclass;

3
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The attrituteisMonitorSubclass in ClassDecl is the central one, using the base grammar
interface functionsuperClassBinding andglobalName to find out if theClassDecl rep-
resents asubclass tdMonitor. Note that the xdension grammar attnitbe isMonitorSub-
Class is accessed via the reference obtained fronfuthetion superClassBinding. This
shavs haw the etension grammar can use references in the base grammaadetéf
propagting nonlocal information in the syntax tree, aswliscussed in SectiGm2.

4.3 Entry procedure implementation

First/last statement of entry method must benter /exit

An entry method should tia a call teenter as its frst statement and a call ézit as its last
statementTo check this we use the same technique a&s discussed in Secti@ Here is
the full speciftation:

addto Method {
error string missingEnter =
if entry and not
(MethodBody.globalMethodNameOfFirstStatement =
“MonitorLib:Monitor:enter”)
then “Missing call to enter”
else
error string missingExit =
if entry and not
(MethodBody.globalMethodNameOfLastStatement =
“MonitorLib:Monitor:exit”)
then “Missing call to exit”
else "

}

addto MethodBody {

syn string globalMethodNameOfFirstStatement =
if cardinal()=0
then *”
else Statement[1].globalMethodName;

syn string globalMethodNameOfLastStatement =
if cardinal()=0
then
else Statement[cardinal()].globalMethodName;

}

addto Statement {
syn globalMethodName = “"; Default equation

}

addto MethodCall {
eg globalMethodName = methodDeclIBinding().globalName();
Overrides equation in superclass Statement
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}

Calls to enter/exit must not occur at other places in the prgram.

To check that calls tenter andexit are not misplaced, we introduceotinherited attribtes
atFirstStatementOfEntry andatLastStatementOfEntry for Statements. These attribites

will be true for the statements occurringsfiand last respewtly in the body of an entry
method. Statements can occur in galifferent contgts in a syntax tree, and all nodes
which happen to h& statement components need tordethese attrilites.To capture this
behaior which is common to mandifferent node classes, deft defning equations are
placed in the abstract superclassie. MethodBody is the only node clasverriding these
equationsThis is an gample of the use of abstract superclasses in the node class Kierarch
as was discussed in Secti@nl

addto Statement {
inh boolean atFirstStatementOfEntry;
inh boolean atLastStatementOfEntry;

}

addto Node {
eq all Statement.atFirstStatementOfEntry = false ; Default equation
eq all Statement.atLastStatementOfEntry = false ; Default equation

}

addto MethodBody {

inh boolean inEntry

eq all Statement.atFirstStatementOfEntry =
(inEntry and Statement.childNo() = 1);
Overrides equation in Node

eq all Statement.atLastStatementOfEntry =
(inEntry and Statement.childNo() = cardinal());
Overrides equation in Node

}

addto MethodDecl {
eq MethodBody.inEntry = entry;

}

Two error attrilutes are n@ introduced to check gnter andexit calls are misplaced:

addto MethodCall {
error string misplacedEnter =
if methodDecIBinding().globalName() = “MonitorLib:Monitor:enter”
and not atFirstStatementOfEntry
then “Misplaced call to enter”
else *”;
error string misplacedExit =
if methodDecIBinding().globalName() = “MonitorLib:Monitor:exit”
and not atLastStatementOfEntry
then “Misplaced call to exit”
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else “;

4.4 Data protection

Monitor must not contain any public data

To male sure that data in a monitor is manipulated only via the entry methods, we demand
that monitors contain no public dafais is checkd by adding an error atttite toVarDecl

which uses the attriteinMonitorSubclass defned in Sectiod.2

addto VarDecl {
error string publicData =
if inMonitorSubclass and public()
then “Data in monitor subclasses must not be declared public”
else

Non-entry methods in monitors must not be public
This is to preent clients from accessing data in a monitor without going via an entry
method.This can be cheeld as follovs:

addto MethodDecl {
error string publicNonEntry =
if not entry and public()
then “Non-entry methods must not be declared public”
else

}

Entry methods must be public
If the entry methods are not public, yrere meaningles3his can be cheed as follavs:

addto MethodDecl {
error string entryNotPublic =
if entry and not public()

then “Entry methods must be declared public”
else

4.5 Conditional entr y emulation

Calls to awaitChang e should only occur in the appmopriate places
Conditional entry of the monitor should be programmed by a statement

while condition do awaitChange
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as the second statement in the entry method (directly after the eater). Calls toawait-
Change must not occur in other places in the prograiis can be cheek in a similar \ay
as checking for misplaced callsdnter and exit:

addto Statement {
inh boolean inAwaitChangePosition;
inh boolean inEntryBody;

}

addto Node {
eq all Statement.inAwaitChangePosition = false ; Default equation
eq all Statement.inEntryBody = false ; Default equation

}

addto MethodBody {
eq all Statement.inEntryBody = inEntry;
Overrides equation in superclass Node

}

addto WhileStmt {
eq Statement.inAwaitChangePosition = (inEntryBody and childNo()=2);
Overrides equation in superclass Node

}

addto MethodCall
error string misplacedAwaitChange =
if (methodDecIBinding().globalname() =
“MonitorLib:Monitor:awaitChange”) and
not inAwaitChangePosition
then “Misplaced call to awaitChange”
else *”;

4.6 Initialization

As noted in Sectio.2, initialization of internal data in the library clabfonitor is done
automatically at the creation ofMonitor instance No checks are needed for this zen-

tion.

5 Implementation considerations

To implement an attrilte extension system, one needs to address the implementation of the

base grammar intexte, the eension grammanaluator and the mapping of attrke com-
ments to syntax nodes.
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5.1 Implementation of the base grammar interface

To implement the functions in the base grammar iaterfeficiently, a graight-fornard
solution is to represent the application program and the library doterds attrilied
abstract syntax trees, folling the node class defiions in the base grammar int&cé.
Information used to compute the base grammar functions can be stored adesttrib
(instance wariables) in the tree. In particuldriindings between uses and declarations, sub-
classes and superclasses, etc., can be stored as referentestimbking the implementa-
tion of superClassBinding andmethodDeclBinding completely straight-forard.

We call the component computing the atitibn abase ®aluator The base @aluator
could be implemented by hand (foraenple by basing the implementation on aisténg
compiler), or it could be generated fronbase attrilute gammar This has the additional
benefi of providing an unambigous declaratie defnition of the base grammar intace,
serving as useful documentation when writing tkiemsion grammars.

However, traditional attribite grammars [Knu68] cannot dedi reference attrilies and
are therefore not sii€iently expressve for these purposes. Instead, DAttribute Gram-
mars [Hed92, Hed94] can be used. DA@s is a declarate etension to attribte gram-
mars which eplicitly supports reference attrtes. This allovs a name use site to be
connected to its name declaration site, and/&sely a hname declaration site to all its use
sites. Br object-oriented languages, subclasses can be connected to superclasses and vice
versa.

The use of reference atmtes to connect ddrent parts of the syntax tree depending on
the static-semantics, wviates the lage “ervironment” attrilutes normally used in attrbe
grammars. Instead of foreseeing all information which possibly needs to beaisabfigm
one site to anotheand encapsulating it in a ¢gr ewironment attrilote, the use of refer
ences allws attribute \alues to be propaged directly along the reference connections as
need arisesThis gives much simpler grammars, in particular for object-oriented languages
where maw bindings follav class hierarchies rather than the syntax tree higrarch

Due to the use of reference attriibs, the DooAG evaluators cannot directly use stan-
dard attrilute evaluation algorithms. In [Hed92] an algorithm for incrementallation is
given where the major part of theaduator is generated automatically from the gramimar
which relies on hand implementation of some critical parts in order tovachieeficient
incremental implementatiorlgorithms for completely automatioz@uator generation, at
least for @haustve evaluation, are under delopment.

5.2 Implementation of the e xtension grammar e valuator

The goal of thexdension gramman®luator is to compute theales of the error attritbes

in the syntax tree for a program, as defi by the ension grammars for the libraries used
by the program. & error attrilites which heae a non-empty stringalue, the ealuator out-
puts those alues, similarly to he@ a normal compiler outputs compile-time error messages.

Demand evaluation
Demand ealuationis a \ery simple attribte evaluation technique which wegect to be the
most practical for implementingkension grammarvaluators. It is a completely general
technique handling grcompleity of attribute dependenciesxeept for circular ones.

In demand ealuation, each attrilie is implemented by a function andakiation of the
attribute is equialent to calling the functioro evaluate the error attriltes of a program,
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the evaluator simply scans the program and calls the function corresponding to each error
attribute.

Demand ealuation is ery simple to implement because it requires no depegderat-
ysis of the attribte grammarBecause the grammar is defil as a class hierayghthe
implementation of demand attutes can be done by a straight-fardr mapping from the
grammar to virtual functions: a synthesized atiiebcorrespondsxactly to a virtual func-
tion, and an inherited attuile to a virtual function with arxgea agument [Hed89].

Another adantage of demand/aluation is that it requires no storage of atitéalues
- an attrilute \alue is computed each time it is needgus also has the bengfhat in case
attributes are not used, themlues are neer computed

The dravback of demandwaluation is that it can beceemely time-indicient: The call-
tree for an attribte evaluation can beary lage - it can in principle g exponentially in
the size of the program. Mever, in the contet of library-specift checks, wex@ect \ery
small call-trees since all the name analysis and type-checking information (accessed through
the base grammar intade) is precomputed by the basaleator We therefore xpect
demand ealuation to be a practical techniginethis contet.

In case dfcienyy does become a problem, it is easy xteed the demandvaluation
technique to cache critical attutes, in order toveid repeated computations. If all attribs
are cached, thevaluator will be time-optimal (no attnibe is @aluated more than once),
although with a lager constant\erhead, and with the added space cost.

Data-driven esaluation
The alternatie to demandwaluation is data-dven ealuation, where the attuibe \alues are
stored, and arevaluated in topological ordeaccording to the attrite dependencies. In
contrast to demandvaluation,all attributes are waluated.There are mandifferent algo-
rithms for data-drien evaluation, handling diérent complgity of the attritute dependen-
cies, e.g. @G [Kas80]. Data-drien ezaluators can be implemented without thertiead of
function calls, and are therefore usually muasidr in practice than demangkiators.
Extension grammars d#r from standardGs in that equations may meakise of non-
local attributes, i.e., attribtes accessed via the syntax node references returned by the func-
tions in the base grammar intece.The data-drien algorithms for standafiGs can there-
fore not be applied directly toxeension grammar$Ve do not gpect it to be ery difficult to
adjust some popular algorithms to handle these non-local dependeuntiesdily hav to
do this remains to bevastigated. (The non-local dependencies appearing in a A8are
much more compieto handle since tlyeare themseks a result of the attuibe e/aluation.)

To summarize, although demandven e/aluation for generadGs is usually too inéitient,
we &pect it to be siiciently eficient in the conte of extension grammars because the
complex computations are already takcare of by the base grammar irde€l The alterna-
tive, data-dwen evaluation, could also be consideredt in that case standardatuation
algorithms need to be adapted to handle non-local dependencies.

5.3 Mapping attrib ute comments to syntax nodes
The attrilute comments used for annotating the application program need to be mapped to
the corresponding syntax nodes. Earlee simply said that these comments are placed in

front of the corresponding construct. Waver, it is necessary to be a bit more precise. Con-
sider the folleving case:

22



[*= entry =*/ Element get() {...}

Here, the attribte comment*= entry =*/ is placed front oElement (the method return
type), but we really mean it to apply get (the methoddeclaration)One solution to get an
unambigious mapping is to map an attrte comment for an attuite a to the root of the
smallest subtree whoseteepresentation immediately folle the comment and where that
root declares a program-dedd attrilutea.

To map/*= entry =*/ in the &ample abwe, we would first check the subtre&lement”
of node clas®ReturnType and since it contains no program-defi attrilute calledentry,
we would continue to check the subtrdelément get() {...}” of node classviethodDecl,
which indeed contains a program-defil attrilute calledentry.

This mapping technique is simple to use and understand,ib not completely general
since there may besral subtrees (nested inside each other) whasgalerepresentations
start at the same point. If more than one of these subtrees has a prognach-attfinte a
in its root, only the attrilte of the lavest of these roots can be accessed by thewérib
comment.To be able to access the atiitiés in ag of these roots, the mapping mechanism
must be gtended, for gample as suggested belo

An upper and a lger root could either be of the same node classxmeple in a nested
left-recursie expression X +y + z”, or they could be of diferent node classes, faxample
in a statement list where thexteal representations of thedfi statement and the complete
list start at the same point.

In the case when the upper andéo roots are of the same node class, theiust repre-
sentations must ddr (otherwise, the grammarowld be ambiguous)o handle this case,
one can etend the mapping mechanism to allattribute comments to be placed ailsside
a textual representation, e.g.:

X+y [F=a=* +z

The root is identifid by looking at the roots of the subtrees whosergpresentation con-
tains or immediately follys the point of the attriie comment, and selecting thevest of
these roots which has a program-defi attrilute a.

This technique could also be used in pnaases when the upper andvés roots are of
different node classes. Wever, in some cases, such as in the statementxdasnpgle, the
textual representation of an upper root (the statement list) may consist of one or gaore se
ments, each corresponding to eéo root (a statement). In these cases, the upper root can-
not be identiid simply by placing the attiibe comment inside thexteial representatior
solution to this problem is to allothe attrilute name to be qualfil by a node class, e.g.:

[*= StatementList.a =*/
X=3;
y =4,

This attribute comment will reference tlgeattribute of theStatementList node, in contrast

to a comment*= a =*/ or /*= Statement.a =*/ which would hae referenced tha attribute
of the frst Statement.

23



6 Related work

Other techniques aimed at supporting programmingesgions include MinskKs Law-
GovernedArchitecture and Mger’'s CCEL systemTechniques lik run-time assertions, pre-
processing, and refttve programming are also interesting in this ceinte

6.1 Minsky’ s Law-Governed Ar chitecture

Minsky’'s Lav-GovernedArchitecture (LGA) [Min95] preides a frameork for specifying
and enforcingregularities of a softvare systemA regularity is a principle that must be
obsened ezerywhere in a system. Mingls regularities include not only programming con-
ventions, i.e. principles which ta to be obseed by the softare source code,ubalso
principles for the project database, the safewprocess, and principles fomhthe reyulari-
ties themseles (the “lav”) may be changedlhe scope of the LGA system is thus wider
than the programming ceentions treated in this paper

Interaction r elations
To support the enforcement of programmingwvemtions, the LGA system prinles a num-
ber of predefied interaction relations, i.e. relations betweefedifit parts of the source
code. lor example, in an implementation of LGA for Ef [MiP94], there are predefd
interaction relations l&inherit(c1,c2) meaning that classl inherits directly front2, and
call(r, c1, f, c2) meaning that the routirren classcl contains a call (or access) to the rou-
tine or (\ariable)f of classc2. These interactions can begtdated by giing Prolog-like
rules which state which interaction instances agelle

The use of predefed interactions in LGA limits what kind of camtions can be
expressed. In contrast, our technique based on anudtgpammar gies the user full free-
dom to specify anstatically checkable comntions. Br example, in the Efél implementa-
tion of LGA, all the interactions wolve relations between classes and routifbere are no
interactions imolving the position of dferent statement3hus, the LGA-Eifel system can-
not express the corentions 2, 3, and 4 in our monitoxaenple ofSection4, e.g., that an
entry procedure should start with a calettter and end with a call texit.

Properties and attributes

The LGA system alls the user to ge properties to objects in the project databasette
LGA-Eiffel system, the database includes an object for eafdi Eldiss in the systenthis

ability to add properties can be compared to our technique of adding prograsddefi
attributes. Havever, in LGA-Eiffel, the properties can only be added to the classes, whereas
using our technique the attutes can be added toyalinguistic construct. & example, in

our monitor @ample, a program-defed attritute entry is added to the procedure construct.

In LGA-Eiffel there is no possibility of adding properties to procedures. Since all of the con-
ventions inSection4 depend on this possibilitpone of these coentions can bexpressed

in LGA-Eiffel.

Prohibiti ve versus permissive corvention definition

The Prolog-like rules which rgulate the interaction relations in LGA can be eitirehibi-
tion rules explicitly stating interaction cases which alesalloved, or permission rules
explicitly stating interaction cases which are alm Combinations of prohibition and per
mission rules are possibleyiig prohibition rules precedencees the permission rules.
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Our error attriites correspond to the prohibition rulest twe hae no construct which
corresponds directly to a permission rulewdeer, the set of permission rules for arg
interaction can be reformulated as a single prohibition Wildle this gives the same fefct,
the possibility to defie permission rules inddually males the rules more easy to read, and
allows better modularization of rules. In our (s fimited) eperience of defiing coven-
tions for libraries, we he found the prohibitie method of corention defiition adequate
for our needs. Heever, in [PaM96] a good xample is gien of permissie covention defi
nition: stating warious kinds of xceptions to the L& of Demeter by indidual permission
rules.

6.2 Meyer's CCEL langua ge

Scott Mgers has desloped a specifation language CCEL (C++ Constraint Expression
Language) for specifying programming gentions in C++ programs [MDR93, CM93b].
The goal of this research igny similar to ours, namely to be able to specify and enforce
programming coventions, oiconstaints as thg are called in CCEL.

The CCEL language containgilt-in attributed classes that correspond to the language
constructs of C++. Objects of the CCEL classes thus correspond to constructs in a C++ pro-
gram, such as indidual classes and procedures. Subsets of CCEL objects can beddentifi
by universal and x@stential quantifrs, and constraints can bgeessed as assertiongeo
the attrilutes of the selected objects.

In comparison to our approach, the CCEliltkin class hierarch corresponds to a pro-
jection of a base grammanterface Our approach is thus more general, since italloon-
straints iwolving ary language constructs to bgpeessed, not only those present in the
CCEL language. & example, CCEL does not contain classes for stateménts, CCEL
cannot &press the carentions 2, 3, and 4 in our monitoraanple ofSectiond, e.g., that an
entry procedure should start with a calettter and end with a call texit.

Another diference is that CCEL contains no mechanism corresponding to our program-
defined attrilutes.This is a seere dravback because it mak some carentions impossible
to express.Actually, all of the comentions of our monitorx@ample rely on the program-
defined attriluteentry, and none of these ogentions can therefore bgmessed in CCEL.

6.3 Run-time asser tions

Assertions were originally intended for prograerification and rigorous program construc-
tion. Howvever, run-time-chec&d assertions can also be used within a library to check that
certain programming ceentions are follwed by the application program using the library
This technique, often referred to@esign ly contiact, is used in Efel [Mey92] which sup-

ports pre- and postconditions of methods, and classiamts. In particulamethod precon-
ditions can be used to check that an application program calls a library method with
appropriate parameters and in an appropriate program statevétomary programming
corventions cannot be captured by run-time assertions in the lilfi@rgxample, none of

the cowentions inSection4 can be chead by assertions in the library codéus, run-time
assertions and library-specifstatic checks complement each other as techniques for sup-
porting programming caentions
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6.4 Preprocessing

It is common to etend a language by defing macros which arexpanded to base language
code by a preprocessar to define a completdomainspecifc language with a preproces-
sor which translates application programs to a base langhitigeugh this may be coe-

nient for some problems, there are alseesad disadantages. Preprocessing in general has
the disadantage that errors which occur during compile-time or run-time will be related to
the expanded code which the application programmer does not recogoizeakro gpan-

sion there are additional problemarFxample, there is no checking that the macros are
used in the intendeday by the application program. Since macros usuatigkat the l&i-

cal level, unintended use can result ery strange errors.

6.5 Reflective pr ogramming

In reflective programming, a program can access and manipulate a representaseif of it
[Smi84]. The use of refiction in object-oriented languages has recently vedetonsider
able attention, in particuldor CLOS for which a Met®hect Protocol (MOP) alles a pro-
gram to change the methodvatation mechanism [KRB91Also for other hnguages,
reflective facilities hae been designed, foxample mechanisms for reddfig method
lookup in Smalltalk [FJ89] and C++ [CMEB In relation to the moniton@mple discussed
in Section2, reflection could be used to redefimethod lookup for monitor objects in order
to encapsulate incoming messages by cakster and exit.

Similar to the use of submethoding discussed®éttion2.3, reflective facilities add
power to a language, making certain bébaeasier to program than inteaditional ron-
reflective language and it may therefoezluce lhe needor programming corentions.

7 Conclusions

In constructing programming libraries, itg@mmon hat application programs must gbe
certain programming ceentions in order for the library toosk correctly As was illus-
trated inSection2, the base language has a dramatiaénite on theomplity of the
needed pgramming coventions.An object-oriented languagevgis much better support
than a procedural language, and areaded concept li&ksubmethoding in BEATgives &en
more support. Hoever, even with a ery paverful base language, there are someveon
tions that cannot be captured directly in the base language.

To extend the possibilitiesf enforcing pogramming coventions, we h& suggested a
technique of adding library-specifstatic checks using an atuite grammar notatiomhe
library-specifc checks can makuse of anxasting base grammanterface,capturing name
bindings and typesThe use of referensdn the base grammanmterface which eplicitly
connectnamed entitieanakes addition of library-specifiattributes simple, widing the
problems of lage attritutes in standard attiilbe grammars.

We have shavn how the technique can be applied to enforce theeauations of a monitor
library for an object-oriented base langua@elr grammaisbased echitecturewith a base
languagenterface ad an &tension grammar with program-degd attrilutes gves a gener
ality to our approach which is not present in other approaches with a similar goal of specify-
ing and enforcing programming o@mtions, likk Minsky’s lav-governed architecture for
Eiffel, and Mgers’ CCEL language for C++. Neither of these can specify theetdions in
our monitor gample.
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Although our technique is based on atitdbbgrammars, which might be considered to be
outside the skills of an ordinary programmee think the principles are noémy difficult to
grasp for people skilled in object-oriented programmiig.expect that in apteam produc-
ing such compbe software as object-oriented libraries and fravaeks, there will be people
who can easily master the technique of writirtgasion grammarg.he users of the frame-
works do not need to be as skilled; i not need to understand the attribextension
mechanismThey could rely on documentation of the programmingvemitions written in
natural language, similar to Wwothey use a natural language description of the base lan-
guage, rather than ymformal description of it.

An interesting possibility for the use of atute etension vould be to apply it to the
documentation of design patterns [GHJV94]. In current practice, the application of design
patterns is at best documented informally in the colis. lack of traceability leads to prob-
lems in understanding hwothe patterns are applied andahto maintain the code without
breaking ®isting patterns [Sou95, Bos96[he patterns are thus a kind of programming
conventions which are informally applied. By using atitdd comments one could annotate
program code to formally documentvha design pattern is applied. Some patterns include
conventions for hav methods should be calledof~example, in the Obseev pattern for
change notifiation [GHJV94], an object playing the role of a “Subject” should call a special
notification methodery time its state has changed in order to notify all its dependents of
the change. Such a a@ntion could be described formally in attension grammar
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