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Chapter 4

| mplementation

“HACK ATTACK noun.
A period of greatly increased hacking activity.”

Guy Stecle et al. in The Hacker’ s Dictionary
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4. Implementation
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D, as described in Chapter 3, was integrated with Java in a framework caled DJ. The subset of
Javathat isused in DJ is called JCore, and it contains almost everything of Java. The description
of JCore and an introduction to programming in DJis given in Appendix B. This chapter describes
the most important points about the implementation of DJ.

In describing the interaction between objects and aspects, and in spite of the differences between
COOL and RIDL, the same illustration was used (pages 62 and 76); this illustration is presented

below, without the specifics of the protocols. This figure shows that coordinators and portals inter-

coordinator or portal act with the objects they are associated with in very much the same
way: through trapping method invocations and performing actions
M before and after method execution.
2| 4|6 The figure also suggests a smple implementation of the aspect
i languages that consists of trandlating coordinators and portals into
‘% Y ? Java “aspect objects.” Such objects execute the particular aspect
object| --- run-time. The ordinary JCore objects smply need to be extended

(woven) with hooks that transfer the control to the aspect objects
at the beginning and at the end of all methods. In the presence of a reflective OOPL with capabili-
ties for reifying method invocation (e.g. CLOS), those hooks aren’t even necessary, since they are
already part of the language. But that is not the case with Java. The implementation described here
follows this smple approach.

The protocol between objects and aspects being so smple, most of the effort of the implemen-
tation is concentrated in the trandation of the aspect modules into “aspect classes.” How are
COOL’s mutua exclusion declarations implemented in Java? What are the run-time structures that
implement a remote object? How are RIDL’s copying directives implemented? All D congtructs are
trandated into specific patterns of Java code, hereafter called the target architectures. The correct-
ness and performance of D depends on these architectures. Because they are so important, they are

also called “the implementation” of D.
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The transformation from DJ into the target architectures in Java can be done manually. Manual
weaving is convenient for experimenting with different implementations, but not suitable for gen-
erd use. A tool, called the Aspect Weaver, automates those transformations. An implementation of
the Aspect Weaver is given in Appendix C.

There is alarge and interesting space of different possibilities for the target architectures. This
chapter and its associated appendices C and D show one particular point in that space, and one that
values smplicity over performance. The architectures described here are simple and not optimized,

so that the transformation algorithms are easy to understand and reproduce.

4.1. Engineering the Implementation Space

In implementing D, the first engineering decision that must be made is on how much information to
process at atime. One possihility isto process the whole source code of a DJ program at the same
time. So, for example, a superclass would always be processed with al its sub-classes; the classes
of the parameters of a method would aways be processed together with the class where the method
is implemented; the aspect programs would be processed together with the classes they are associ-
ated with; etc. Weaving over the global program has the advantage that, at trandation time, thereis
al the necessary information to generate exactly the right code, and, more importantly, no more
than that code; therefore, the target architectures can be highly optimized. In this approach, mod-
ules cannot be selectively re-assembled according to the modularities of D, because the output code
is a mixture of information coming from several modules. That is, if an aspect program changes,
the classes it is associated with must be re-woven; if the input class changes there is the need to re-
generate the aspect classes.

The other option is separate processing of modules. Separate processing introduces additional
congtraints in the target architectures, because the information is limited to the interfaces of the
modules (as described in 83.3.1.1). In order to cope with limited information, the target architec-
tures need to be prepared for all possible situations. Therefore, much more code needs to be gener-
ated. However, because there is not much space for optimizations, the target architectures are rela-
tively simple, and the trandation rules are easy to understand. The implementation described in this

chapter follows this second approach, mostly because of its simplicity.
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As a preview of the architectures that will be presented here, Table 1 shows the relations be-

tween input and output modules for a class named aCl ass that is associated with a coordinator

and a portal.
Input DJ modules Output Java modules
aClass.jcore (JCore class) aClassjava (woven class)
aClass.cool (coordinator) aClassCoord.java (coordination class)
aClass.ridl (portal) aClassPRl .java (RMI interface of portal)

aClassP.java (portal class)
aClassPP.java (proxy of the previous)

aClassTraversalsjava (repository of traversals)

Table 1. Relation between input and output modul es.

For multi-class coordination, “.cool” files must follow an additional naming convention (e.g.
dashes between names). When a JCore class is not associated with a coordinator, the correspond-
ing output coordinator class is not generated. The same for when the JCore class is not associated
with a portal. However, in this implementation al JCore classes, even if not associated with coor-
dinators or portals, are still woven, for purposes of the implementation of RIDL (more specifically,
for marshaling).

As the number of output modules aready suggests, the implementation of RIDL is considerably
more complex than the implementation of COOL. The next two sections explain in detail the target

architectures for COOL and RIDL, separately. Section 84.4 explains how to integrate them.

4.2. Target Architectures for Implementing COOL

Coordinators are trandated into Java classes, which implement the coordination run-time. The
variables of these classes maintain the execution state of the corresponding JCore objects, and the
methods of these classes are ‘before’ and *after’ methods associated with the JCore classes meth-
ods. In turn, the JCore classes are trandated into Java by weaving cals to a coordinator object in
the beginning and at the end of each of the coordinated methods. This solution is depicted in Figure
34. The “try... finally” block traps the return of the original method body even in the presence of

exceptions.
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aClass aClassCoord
aClassCoord mycoord,;

v

/| coordinator variables to be explained next

/I user-defined variables public synchronized static ClassCoord create() {
/I constructor // return a coordinator object
aClass( ) { }
/I constructor code
mycoord = aClassCoord.create();

void synchronized enter_aClass m1(aClass obj){
// body to be explained next

) )

... ml(args...) { - - - -
mycoord.enter_aClass_m1(this); V?/' gsgnigrgg'gﬂ ;);:éaar(liel)?tss_ml(aCI ass obj){
try { y P

J1 user-defined method body }
} finaly {
mycoord.exit_aClass_mi(this); similar enter/exit pairs for other methods
}
}

same for other methods

Figure 34. Output code architecture for weaving COOL.

4.2.1. Coordinator Objects

Coordinator objects are associated with JCore objects when the JCore objects are instantiated. For
that, all constructors in JCore classes are extended with a statement for obtaining their coordinator
object. There is only one important detail in obtaining coordinator objects: for multi-class coordi-
nation, al instances of the coordinated classes must share the same coordinator object. In order to
implement this correctly, the instantiation of coordinator objects is done by a class method in the
coordinator class. For per object coordination, this method aways returns a new instance of the
class; for per class coordination, this method checks whether the class has already been instantiated

once; if not, it creates one instance; the method returns the only instance of the class.

PER OBJECT COORDINATION PER CLASS COORDINATION
cl ass aCl assCoord {
cl ass aCl assCoord { static bool ean one = fal se;
static aCl assCoord theCoord;
static ad assCoord createCoord(){ static synchronized
return new ad assCoord(); ad assCoord createCoord(){

} if (!one) {

} t heCoord = new ad assCoord();

one = true;

return theCoord;
}

}
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As explained before, the role of coordinator objects is to keep track of the synchronization state
of the JCore abjects. In order for this state to be consistent throughout the life of the objects, coor-
dinator objects are fully synchronized. Hence, the synchr oni zed qudifier in every method of
the class (see Figure 34).This guarantees that all accesses and updates to the synchronization state
are performed exclusively by one thread at atime. This architecture is completely different from
having the synchronization in the JCore methods themselves. The coordination methods in the co-
ordinator class have only a small amount of computation that corresponds to checking the synchro-
nization state and, eventually, updating that state. The execution of the JCore methods, which can
be arbitrarily lengthy, is then performed outside Java's synchronized blocks (methods or state-
ments); instead, it is ruled by the more sophisticated synchronization implemented by the coordi-
nator objects.

The pairs of ‘before and ‘after’ methods follow the architecture described below in a mixture
of Javaand English:

synchr oni zed voi d enter_className_methodName (className obj) {
1. check conditions for waiting; wait while they are not met;
2. if conditions are met, update internal synchronization state;
3. execute on_entry statements;

}
synchr oni zed voi d exit_className_methodName (className obj) {

1. execute on_exit statements;
2. update internal synchronization state;
3. notify waiting threads, so that they can re-check the conditions;

}
4.2.2. Mutual Exclusion and Re-entrance
COOL’s most distinct feature is the declarative mutual exclusion of sets of methods. For example,

coordi nator ad ass {
selfex f, g;
mutex {f, h};
nmitex {g, m n};

A smple implementation of these declarations consists in having run-time structures that allow
an amost literal interpretation of the mutual exclusion constraints. That is, for each method of the
coordinated classes there is an object that keeps track of the method's execution state: if some
thread is executing it, and, if so, the thread’s identifier. Implementing the mutual exclusion con-

straints consists simply of testing these method state objects and acting accordingly. So, for exam-
ple, the interpretation of the constraints above is: f can only be executed by thread T if no other
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thread is executing f (selfex constraint) and no other thread is executing h (mutex constraint); g can
only be executed by thread T if no other thread is executing g (selfex constraint) and no other
thread is executing m and no other thread is executing n (mutex constraints); h can only be exe-
cuted by thread T if no other thread is executing f (mutex constraint); etc. The trandation of the
coordinator shown above is adirect application of this interpretation:

cl ass aC assCoord {
Met hState f new MethState(), g
Met hState m = new MethState(), n

new MethState(), h = new MethState();
new Met hState();

synchroni zed void enter_aC ass_f (ad ass obj)
/1 conditions for waiting: other thread in f (selfex) or in h (nutex)
while (f.isBusyByQtherThread() || h.isBusyByQtherThread()) {
try { wait(); }
catch (InterruptedException e) {} // notifyAll raises this exception

/1 at this point, constraints are net. Thread may proceed.
f.in(); // update the nethod state: this thread is executing f

synchroni zed void exit_aC ass_f(aC ass obj)
f.out(); // update the method state: this thread finished executing f
notifyAll (); // before leaving, notify other threads that this thread is
/1 out. OQther threads may be waiting to execute f or
/1 other nethods
}
synchroni zed void enter_aC ass_g(ad ass obj)
/1 conditions for waiting: other thread in g (selfex) or in mn (mutex)
while (g.isBusyByQther Thread() ||
m i sBusyByQt her Thread() || n.isBusyByQtherThread()) ({
try { wait(); }
catch (InterruptedException e) {}

}
g.in(); // update the nethod state: this thread is executing g

synchroni zed void exit_aC ass_g(aC ass obj)
g.out(); // update the method state: this thread finished executing g
notifyAll (); // before leaving, notify other threads that this thread is
/1 out. OQther threads nmay be waiting to execute g or
/1 other nethods
}
synchroni zed void enter_aCd ass_h(aCd ass obj) {
/'l conditions for waiting: other thread in f (mutex); h is not selfex
while (f.isBusyByQtherThread()) {
try { wait(); }
catch (InterruptedException e) {}

}
h.in(); // update the nethod state: this thread is executing h

synchroni zed void exit_aC ass_g(aC ass obj) {
h.out(); // update the nethod state: this thread finished executing h
notifyAll (); // before leaving, notify other threads that this thread is
/1 out. Qther threads may be waiting to execute
/1 other nethods

}

/1l methods for mand n are simlar, but nutex with g
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The MethState objects, in a first approach, consist of one boolean variable (a lock) that indi-
cates whether the method is being executed or not. In this first approach, the method i sBusy-
Byt her Thr ead tests that boolean; the method i n setsit to true; and the method out setsit to
fase. However, that approach is not sufficient for implementing the semantics of selfex and mutex
in the presence of recursion. As areminder, selfex and mutex exclude the execution of methods by
athread T with respect to other threads, not to T itself. If, in the example above, f makes a recur-
sive call to itself or makes acall to h, aslong as no other threads are executing those methods, the
thread must proceed.

Therefore, MethState objects must be dightly more sophisticated than simple booleans. They
must keep track of the number of recursive calls, as well as the identifiers of the threads that are
executing the methods. In this approach, i n increments a counter that keeps track of the number of
cals to the method and stores the thread identifier; out decrements that counter; i sBusy-
Byt her Thr ead checks if the method is being executed by threads other than the current one.
When the counter is 0, the method is not being executed by any thread; otherwise some thread is
executing it. Note that if a method is not selfex, there may be several threads executing the method
at the same time; MethState must keep track of al that information. An implementation of Meth-
State is given in Appendix D; this implementation stores the thread identifiersin alist.

4.2.3. Requires Clause
In addition to the exclusion constraints (if any), the condition of a requires clause (83.2.4.9) is
simply another condition for waiting. Therefore, its implementation smply adds another test to the

waiting condition shown for the “enter_" methods.

4.2.4. Accessto Variables of the Coordinated Objects

The on_entry and on_exit statements (83.2.4.10) can access variables of the coordinated objects.
Because in the implementation architecture devised here the coordinator and the coordinated
classes are different classes, and those variables may be private or protected, there is the problem
of how to access those variables. The smplest way to implement thisis by making all variables of
the coordinated classes being public. But that violates the accessibility defined by the program-
mers, making it possible for other classes not only to read but also to modify those variables. A
second option, which was followed here, is to generate accessor methods for al variables of the

coordinated classes. This gives the necessary access and prevents from accidental modifications.
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4.2.5. Per Class Coordination

The implementation of per class coordination is exactly the same as the implementation of per ob-
ject coordination. The only difference is the instantiation of the coordinator object, which takes
place as explained in 84.2.1. The naming of variables and methods in the coordinator class always

includes the names of the class, so that there are no conflicts in method names.

4.2.6. Inheritance of Aspect Code

Implementing inheritance and its interaction with the aspects is one of the less straightforward
points of the target architectures. According to the semantics of D, subclasses inherit the aspect
programs of the superclasses, while being able to override the implementation of the inherited
methods. Or they may override the aspect programs of the superclasses, while inheriting the meth-

ods from the superclasses. For example:

class A { coordi nator A {
void f() { ...} sel fex f;
void g() { ...} mutex {f, g};
} }
cl ass subA extends A{ coordi nat or subA {
void h() { ...} sel fex f;
mutex {f, g, h};
}
class B { coordi nator B {
void k() { ...} sel fex k;

mutex {k, n};

}

cl ass subB extends B{
void k() { ...} // overriding
void n() { ...}

In subA, method g is inherited from A, but its coordination must check mutual exclusion not
only with f but with h too. In subB, the method k, athough redefined, must be coordinated in ex-
actly the same way asin B.

There are a number of ways of correctly implementing this semantics. The architecture devised
here takes a simple approach: it separates between implementation and coordination code. Each
method of the coordinated classes results in two methods in the output woven classes: one method
that contains the origina method implementation and a second method that wraps the call to the

first method in calls to the coordinator. For example, for class B, the output woven classis.
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class B { //constructor onmtted

BCoord _BCoord; // the coordi nator object

protected void _d k() { original inplenmentation of k }

void k() {
_BCoord. enter_B k(this);
try { _d_k(); }
finally {

_BCoord. exit_B k(this);

}

}

}

121

By doing this separation it is trivia to re-use the parts of the superclass that are necessary in the

subclass. The implementation of method overriding consists in overriding the first method of the

pair. For example, the woven class subB overrides the _d k (the implementation) but not k (the

coordination). Therefore, invocations to method k in subB abjects first use the inherited k, which

cals the proper _d k by ordinary method dispatching. The implementation of aspect overriding

congists of overriding the second method of the pair.

4.2.7. Examples

The following 4 examples illustrate the input/output code in a number of situations that cover all

the important points in the semantics of COOL.

4.2.7.1 Simplest Case: one class, per_object coordination, no inheritance

Consider the following JCore class and its coordinator:

public class BB {

BB

A

coordinator BB

protected int putPtr = 0,takePtr = O;

public void put(Object o)

int usedSlots = 0; int size;
private bject array[];

public Object take()

sel fex{put, take};
mutex {put, take};

public BB(int capacity) {

public bool ean isFull()

cond enpty = true,
full = fal se;

put: // see source

size = capacity;
array = new Cbj ect[capacity];

}

public void put(Cbject o) {
array[putPtr] = o;
putPtr = (putPtr + 1) %array. | ength;
usedSl ot s++;

}
public Object take() {
Qbj ect o = array[takePtr];
takePtr = (takePtr + 1) % array. | ength;
usedSl ot s--;
return o;

}
public boolean isFull () {
return (usedSlots == size);
}

}

take: // see source
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BBCoord BB
public synchronized void BBCoord _BBCoor d;

ent er _BBput ( BB) r’.’
Tell protected void | . .
public synchronized void ’~,~ _d_put (nj e}‘\t) >- Ca”S
exi t _BBput ( BB) Tel .
SERI .. *~.|public void
e put (bj ect)
public synchronized void K.
ent er _BBt ake( BB) ’*\ protected Object
Y _d_take()
public synchronized void T .. A
exit _BBt ake( BB) K- .. Tell . —: structure
el public Object '
take()
public synchronized void K.
ent er _BBi sFul | ( BB) T .. protected bool ean
N _d_isFull() Target
A .
public synchroni zed void SRR .. Te.l publ i ¢ bool ean i sFul | (', a-rChIteCture
exit_BBi sFul | (BB) el for §4271

coordi nator BB {
sel fex put, take;
nmut ex {put, take};
cond enpty = true,
full = fal se;

put: requires !full;
on_exit {
enpty = fal se;
if (usedSlots == size) full = true;

take: requires !enpty;
on_exit {
full = fal se;
if (usedSlots == 0) enpty = true;
}
}

From this class and this coordinator, the target output code consists of the following two Java
classes (in these examples, italic is used to mark lines of code that are woven in the original JCore

classes):

/1 The woven class resulting fromthe JCore class BB
public class BB {
protected BBCoord _BBCoor d; /'l See key point A
protected int putPtr = 0, takePtr = 0; int usedSlots = 0; int size;
private Qbject array[];
public BB(int capacity) {
size = capacity;
array = new Cbj ect[capacity];
_BBCoord = BBCoord. createCoord(); [/l See key point A
}
protected void _d_put(Qbject o) { [/l See key point B
array[putPtr] = o;
putPtr = (putPtr + 1) %array. | ength;
usedSl ot s++;

}
public void put(Cbject 0)
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_BBCoord. ent er _BBput (this); /I See key point C
try {
this._d_put(o0); /'l See key point B
} finally {
_BBCoord. exi t _BBput (t his); /1 See key point C
} }
protected Object _d_take() { /'l See key point B

Qbject o = array[takePtr];

takePtr = (takePtr + 1) % array. | ength;
usedSl ot s--;

return o;

}
public Object take() {

_BBCoord. ent er _BBt ake(t his); [/l See key point C
try {
return this._d_take(); /'l See key point B
} finally {
_BBCoord. exi t _BBt ake(this); /1 See key point C
} }
protected boolean _d_isFull () { /'l See key point B
return (usedSlots == size);

}
public boolean isFull () {

_BBCoord. enter_BBi sFul | (this); /1 See key point C
try {
return this._d_isFull(); /] See key point B
} finally {
_BBCoord. exi t _BBi sFul | (this); /1 See key point C
}
} .
/1 accessor nethods See key point D

public int _dget_putPtr() { return putPtr; }
public int _dget_takePtr() { return takePtr; }
public int _dget_usedSlots() { return usedSlots; }
public int _dget_size() { return size; }

public Object _dget_array() { return array; }

// From COOL’'s coordi nat or

public class BBCoord { /'l See key point E
Met hSt at e BBput = new Met hState();
Met hSt at e BBtake = new MethState(); /'l See key point F
Met hSt at e BBi sFull = new MethState();

/1 condition variabl es

bool ean enpty = true;

bool ean full = fal se;

public static BBCoord createCoord() { [/l See key point G
return new BBCoord();

}

/'l before method for put
public synchronized void enter_BBput (BB jcoreobj) { // See key point H

while (// conditions for waiting See key point |
BBput . i sBusyByQt her Thr ead() /* fromselfex */ ||
BBt ake. i sBusyByQt her Thread() /* fromnutex */ ||
T(Mfull) /* fromrequires */ ) {
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try { wait(); } catch (InterruptedException e) {};

/1 all conditions are false; current thread has the right to execute put
BBput . i n(); /1l See key point J
/1 on_entry statenents See key point K

}

/'l after method for put

public synchronized void exit_BBput (BB jcoreobj) { // See key point H
/'l current thread is |eaving put

BBput . out () ; /1 See key point L
/1 on_exit statements

enpty = fal se; /'l See key point K
if (jcoreobj._dget_usedSlots() == jcoreobj._dget_size()) full = true;

/1 notify bl ocked threads See key point M

if (BBput.depth == 0) notifyAll();

/1 before nethod for take
public synchronized void enter_BBtake(BB jcoreobj) { //See key point H
while (// conditions for waiting See key point |
BBt ake. i sBusyByQt her Thread() /* fromselfex */ ||
BBput . i sBusyByQt her Thread() /* fromnutex */ ||
1 (lenpty) /* fromrequires */ ) {
try { wait(); } catch (InterruptedException e) {};

/1 all conditions are false; current thread has the right to execute take
BBt ake. in(); /'l See key point J
/1 on_entry statenents See key point K

/] after nethod for take
public synchronized void exit_BBtake(BB jcoreobj) { // See key point H
/'l current thread is |eaving take

BBt ake. out () ; /'l See key point L
/1 on_exit statements See key point K
full = fal se;

if (jcoreobj._dget_usedSlots() == 0) enpty = true;

/1 notify bl ocked threads See key point M

if (BBtake.depth == 0) notifyAll();
}

/!l before nmethod for isFull

public synchronized void enter_BBisFull (BB jcoreobj){}// See key point H
/] after nethod for isFull

public synchronized void exit_BBisFull (BB jcoreobj){} // See key point H

Key points:

A. Being associated with a coordinator, class BB gets an additional instance variable that will
hold the reference to the coordinator object. The type of this variable is the class type that re-
sults from trandlating the coordinator of COOL into a Java class, in this case class BBCoord
(see 84.2.1).
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B. The original methods of class BB are renamed. At the same time, new methods that take the
original names are generated. These new methods make calls to the original, but renamed,
methods. This renaming/duplication scheme ensures the separation between coordination (the
public method of the pair) and implementation (the protected method of the pair) along the in-
heritance hierarchy. (See 84.2.6) Examples 2 and 3 will make this point clear.

C. The new, public, “coordination” methods are responsible for wrapping the calls to their corre-
sponding protected “implementation” methods within before and after calls to the coordinator
object.

D. Accessor methods to al variables are also generated. These methods are used by the coordi-
nator object. (See §4.2.4)

E. The COOL coordinator is trandated into a Java class whose name is the concatenation of the
names of the coordinated classes, plus the suffix “Coord”. In this case, there is only the BB
class; hence the name of the Java coordinator classis BBCoord. (See §4.2.1)

F. For each method of the coordinated classes, the coordinator class contains a variable of class
type MethState. At run-time these variables hold the state of execution of each method of the
JCore objects, and they are the basis for implementing mutual exclusion of threads on the exe-
cution of the JCore methods. Class MethState is given in Appendix D. (See §4.2.2)

G. Instantiation of coordinator objects is done though a class method, the “factory method.” (See
84.2.1 and example 4)

H. For every method of the coordinated JCore classes, the coordinator class contains two meth-
ods: one to be called before the JCore method is executed and one to be called immediately af-
ter the JCore method is executed (see C). These methods take the JCore object as parameter, so
that they can access the object’s state in the on_entry and on_exit statements. All these meth-
ods are synchronized, to ensure that the coordinator’ s state remains consistent. (See 84.2.1)

I. The exclusion constraints in the self-excluson set and in the mutual exclusion sets of the
COOL coordinator, as well as the requires clause in some method manager, define a waiting
condition. The waiting condition uses the MethState variables for each of the methods that are
mutualy exclusive with the method at hand. The wait itsdlf is done through Java's wai t
method. (See 84.2.2 and §4.2.3)
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As soon as al constraints are met (exclusion constraints and pre-condition), the thread has the
right to execute the method. That fact is signaled to the corresponding MethState variable, by
invoking itsi n method.
The on_entry and on_exit clauses of the COOL coordinator result in Java statements that are
amost the same as the COOL statements. The only difference is that the identifiers that do not
correspond to coordinator’s variables are assumed to refer to variables of the JCore objects,
and therefore are translated into calls to the JCore object’ s accessor methods (see D).
Immediately after the JCore method is executed, the corresponding exit_ method in the coordi-
nator is called. The coordinator signals the fact that the thread is leaving by invoking the out
method in the corresponding MethState variable.

. Thelast thread out of the method wakes up blocked threads, if any, so that the waiting condi-

tions can be rechecked.

4.2.7.2 Inheritance of Coordination

Consider the following class hierarchy:

public class BBl extends BB { coordinator BB |4 BB
pUbl e BBl(I nF capaci ty) { sel fex{put, take} public void put(bject o)
super (capaci ty); mutex {put, take}
cond enpty = true public Onbject take()
/1 new net hod ol T e
public boolean i sEmpty() { put: // see source public bool ean isFull ()
return (USEdS' ots == 0)1 take: // see source

}

public class BB2 extends BBl {

}

/1 override put to print out a message

public void put(Qbject o) throws IsFull {
Systemout.println (“This is put”); BB1
super.put(); // this is a tricky situation...

public bool ean isEnpty()

public void put(Object o)

public BB2(int capacity) {
super (capacity);

/'l override isEnpty to print out a nessage

public boolean i sEmpty() {
Systemout.println (“This is isEnpty”);
return super.isEnpty();

/1 override take to print out a nessage

public Object take() {
Systemout.println (“This is take”);
return super.take();

}

BB2

public bool ean isEnpty()

public void Object take()

/1 same tricky situation.
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BBCoord

public

synchroni zed void
ent er _BBput ( BB)

public

synchroni zed void
exi t _BBput ( BB)

public

synchroni zed void
ent er _BBt ake( BB)

public

synchroni zed void
exi t _BBt ake( BB)

public

synchroni zed void
ent er _BBi sFul | ( BB)

public

synchroni zed void
exit_BBi sFul | (BB)

A

gray:

previously generated
(unchanged)

BB

BBCoord _BBCoord

protected void
_d_put( Oaj/\ecl )

~'.public voi d '
put (oj ect) ‘or

protected Object
_d_take()
A

v

’ public Object

take() ‘or

protected bool ean
_d_isFull()

N

*{publ i ¢ bool ean

isFull ()

Target architecture

for 84.2.7.2

A

BB1

protected bool ean _d_i sEnP\t y()

public bool ean isEnpty

protected void _d_put (Object)

BB2

protected bool ean _d_i sEnRt y()

public bool ean i sEnpty() !

T protected Object _d_take()

According to the semantics of D, unless a class is explicitly associated with a coordinator, it inher-

its the coordinated behavior of its superclass. The output code is the following:

public class BBl extends BB {
public BB1(int capacity) {

super (capaci ty);

}

protected bool ean _d_isEnpty() {
return (usedSlots

}
public boolean i sEmpty() {
return this._d_isEnmpty();

}

0);

protected void _d_put(Object 0) {
Systemout.println (“This is put”);
super. _d_put (0);

}

/'l no overriding of put

}
public class BB2 extends BBl {

public BB2(int capacity) { super(capacity); }

protected bool ead _d_isEnpty() {
Systemout.println (“This is isEnpty”);
return super.isEnpty();

}

public bool ean i sEmpty() {
return this._d_isEnmpty();

}

protected Object _d_take() {

Systemout.println (“This is take”);
return super._d_take();

}

/1 no overriding of take

/'l See key point
/'l See key point
/'l See key point
/'l See key point
/'l See key point
/'l See key point
/'l See key point
/'l See key point




128 CHAPTER 4. IMPLEMENTATION

Key points:

N.

Since these classes are not directly associated with a COOL coordinator, no coordinator vari-
ableis declared in them. Instead, they inherit the coordinator variable declared in BB.

For the new method i sEnpt y, the wrapper smply calls the implementation method without
any corrdination.

The semantics of COOL states that the overriding of put in BB1 and the overriding of t ake
in BB2 are still affected by the coordination scheme of the superclass's corresponding meth-
ods. Since these two methods are originally implemented for BB, which has a coordinator, only
the “implementation” methods _d_put and _d_t ake need to be overriden.

The coordination for methods put and t ake in BB2 is done through the inherited methods
put andt ake, which, for instances of BB2, end up calling the appropriate “implementation”
methods _d_put and _d_t ake that were redefined in BB2. This ensures that the coordina-

tion in the subclasses is the same as defined for the methods of the superclass.

4.2.7.3 Overriding of Coordination

Consider athird level of inheritance, but this time with a new coordinator:

publ i c cl ass BBS ext ends BB2 { coordinator BB | o BB
public BB3(int capacity) {
super ( capaci t y) : sel fCXgW‘ Iatci public void put(CObject o)
nutex {put, take
d t =tr
/] override isFull o f'u“ﬁ - fa\l 22 publite Chrect takel)
public boolean isFull () { I )
Systemout.println (“This is isFull”); put See souree public bool ean isFull ()
return super.isFull(); take: // see source
} A
/1 new net hod BB1

coordi nat or BB3 {

public int get_size() { return size; }

public bool ean isEnpty()

sel f ex pUt, take; public void put(Chject o)
nmut ex {put, take, get_size};
cond enpty = true,
full = fal se; BB2
put: requires !full;
on_exi t { al public bool ean i sEnpty()
enpty = fal se;
. . bl d a k
if (usedSlots == size) publie vord opect takel)
full = true; -
' coordinator BB3 *
take: requires !enpty; selfex{put, take};  —H BB3
on exit { nutex {put, take,
full = fal se,; cond gﬁpt_ilieirue‘ public bool ean isFull ()
. —_ full = false;
if (USEdS| ots == O) . zee public int get_size()
enpty = true; put: // see source
take: // see source
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BBCoord "~ BB | A —
BB1
orotccted bool ean i SEMPLYOA BB2
publ i ¢ bool ean i SEnpty T protected bool ean X-
H _d_isEnpty
Target architecture A
protected void blic bool ean i sEnpty()
for §4273 _d_put (oj Act)
T protected Object
_d_take()
BB3Coord PR
public synchronized void enter_BB3isFul | (BB3) - . )\
public synchronized void exit_BBS3isFul | (BB3) - : BB3
< '
N + |protected bool ean _d_isFull ()
public synchroni zed void enter_BB3get_si ze(BB3) - . ~. . A .
public synchronized voi d exit_BB3get_si ze(BB3) * TT-alfpublic boolean isFull()
S | protected int _d_get_size()
public synchroni zed void enter_BB3i sEnpty(BB3) | IR A
N ~"~,public int get_size()
public synchronized void exit_BB3i sEnpty(BB3) = .
public synchronized void enter_BB3t ake( BB3) L e ... _: public bool ean i sEmpty()
T trreeeeL L [public Object take()
public synchroni zed voi d exit_BB3take(BB3) e e
public synchroni zed voi d ent er_BB3put ( BB3) " ...t oizoiqpublic void put(Qoject)
K-wreee -
public synchroni zed void exit_BB3put (BB3) SR

From this class and this coordinator, and according to the given class hierarchy, the output code is

as follows:

public class BB3 extends BB2 {
prot ect ed BB3Coord _BB3Coor d;

publ i c BB3(int
super () ;
_BB3Coord

}

public void put (Qbject

capacity) {

BB3Coor d. cr eat eCoord() ;

0) {

_BB3Coord. ent er _BB3put (this);

try {

this._d_put(o0);

} finally {

_BB3Coord. exi t _BB3put (this);

}
}

public Object take() {
_BB3Coord. ent er _BB3t ake(thi s);

try {

return this._d_take();

} finally {

_BB3Coord. exi t _BB3t ake(this);

}
}

/

/

/
/

/
/

/
/

/
/

/| See key point
/| See key point
/| See key point
/| See key point
/| See key point
/| See key point
/| See key point
/| See key point
/| See key point
/| See key point

= C Hd4nw X

- C =W’
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}

public boolean i sEmpty() {

_BB3Coord. ent er _BB3i sEnpt y(this); /'l See
try {

return this. _d_isEnpty(); /'l See
} finally {

_BB3Coord. exit _BB3i sEnpt y(t his); /'l See

}

protected boolean _d_isFull() {
Systemout.println (“This is isFull”);
return super._d_isFull();

}
public boolean isFull () {

_BB3Coord. ent er _BB3i sFul | (this); /'l See
try {
return this. _d_isFull();
} finally {
_BB3Coord. exit _BB3isFul | (this); /'l See
}
}
protected int _d_get_size() { return size; } /'l See
public int get_size() { /'l See
_BB3Coor d. ent er _BB3get _si ze(t hi s); /'l See
try {
return this._d_get_size();
} finally {
_BB3Coord. exit _BB3get _si ze(this); /'l See
}
}
/1 From COOL’'s coordi nat or
public class BB3Coord { /'l See
Met hSt at e BB3put = new Met hState();
Met hSt at e BB3t ake = new MethState(); /'l See
Met hSt at e BB3i sEnpty = new Met hState();
Met hSt at e BB3i sFull = new MethState();

Met hSt at e BB3get _size = new MethState();

/! condition variables
bool ean enpty = true;
bool ean full = fal se;

public static BB3Coord createCoord() {
return new BB3Coord();

public synchroni zed voi d enter_BB3put (BB jcoreobj) {
while (// conditions for waiting
BB3put . i sBusyByQt her Thr ead() /* fromselfex */ ||
BB3t ake. i sBusyByQt her Thread() /* fromnmutex */ ||
BB3get _si ze. i sBusyByQther Thread() /* fromnutex */ ||
T(Mfull) /* fromrequires */ ) {
try { wait(); } catch (InterruptedException e) {};

BB3put . in();

public synchroni zed voi d exit_BB3put (BB3 jcoreobj) {
/'l Exactly the sanme as exit_BBput. (except for the name: BB3)

}
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public synchroni zed voi d enter_BB3take(BB3 jcoreobj) {
while (// conditions for waiting
BB3t ake. i sBusyByQt her Thread() /* fromselfex */ ||
BB3put . i sBusyByQt her Thread() /* frommutex */ ||
BB3get _si ze. i sBusyByQt her Thread() /* fromnutex */ ||
1 (lenpty) /* fromrequires */ ) {
try { wait(); } catch (InterruptedException e) {};

}
BB3t ake. i n();

public synchroni zed voi d exit_BB3take(BB3 jcoreobj) {
/'l Exactly he same as exit_BBtake. (except for the name: BB3)

public synchroni zed voi d enter_BB3get _size(BB3 jcoreobj) {
while (// conditions for waiting
BB3t ake. i sBusyByQt her Thread() /* from mutex */ ||
BB3put . i sBusyByQ her Thread() /* fromnmutex */ ) {
try { wait(); } catch (InterruptedException e) {};

BB3get _si ze.in();

public synchroni zed voi d exit_BB3get_size(BB3 jcoreobj) {
BB3get _si ze. out ();
i f (BB3get_size.depth == 0) notifyAl();

public synchroni zed voi d enter_BB3i sEnpty(BB3 jcoreobj) { }
public synchroni zed voi d exit_BB3i senpty(BB3 jcoreobj) { }
public synchroni zed void enter_BB3i sFul | (BB3 jcoreobj) { }
public synchroni zed void exit_BB3isFull (BB3 jcoreobj) { }

}

Key points:

R. Since BB3 is now associated with its own COOL coordinator, this class is extended with a new
variable that will hold the coordinator object. The type of this variable is the class type that is
generated from the COOL coordinator. The initidization of this variable is done at the end of
every constructor of BB3.

S. BB3 inherits the implementation of put and t ake, but redefines their coordination. In order
to correctly handle these cases, the weaver must override put and t ake in BB3, so that the
calls to the inherited implementation are wrapped around calls for the new coordination. (See
84.2.6)

T. The coordination for instances of BB3 is done by calls to their _BB3Coor d variables. The
inherited _BBCoor d variable is completely ignored.

U. Asmentioned before, the situation here is that BB3 inherits the implementation of put , t ake,

and i sEnpt y, but redefines their coordination. The redefinition of the coordination is imple-
mented by overriding the methods, and calling the new coordination object; the inheritance of

method implementation is achieved by calling the “implementation” methods of the superclass.
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V. BB3 implements the new method get _si ze. Therefore, this method aso follows the usual
renaming/duplication scheme.

W. The new COOL coordinator for BB3 is trandated following the same scheme as the coordina-
tor for BB (see example 1). There is no inheritance relation between classes BB3Coord and
BBCoord, because, in genera, that would require multiple inheritance for handling the redefi-
nition of multi-class coordination, and Java does not provide that.

X. The methods being monitored in BB3Coord are al the methods inherited, implemented or re-

implemented in class BB3.

4.2.7.4 Multi-class Coordination (per_class)

Consider the following classes and their coordinator:

public class A inplenments Runnable {
B firstB, secondB;
int a[] = new int[10];
int index = 0;
public void connect(B first, B second) {
firstB = first; secondB = second;

public void put(int n) { a[index++] = n; }
private void reset() { index = 0; }
public void run() {
while (true) {
firstB. reset(); secondB.reset();

reset();

}

}
public class B inplenents Runnable { A

_A t hEA; publ'Tc voird connect (B, B) B
I nt nyn, counter; public void reset()
pUbl Ic B(A a, | nt n) { public void reset()

theA = a; counter = nyn = n; public void run()
public void reset() { pubtte vord run0)

counter = nyn; }
public void run() {

while (true) { -
t heA. put (count er ++) ; coordinator A, B
} sel fex{A put};
} cond full = false;
A reset, B.reset:
coordinator A, B { Areset:
sel fex A put; A put:
cond full = fal se;
A.reset, B.reset: requires (full);
A reset: on_exit { full = false; }
A put: requires (!full);

on_exit { if (index == 10) full = true; }
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The target output code is as follows:

133

public class A inplenments Runnable {

}

ABCoor d _ABCoor d;
B firstB, secondB;
int a[] = new int[10];
int index = 0;
public A() {
super () ;
_ABCoord = ABCoor d. creat eCoord();

}
/'l ...the usual renam ng/duplication schene for all nethods of A
/1

and the usual accessor nethods

public class B inplenents Runnable {

}

ABCoord _ABCoor d;

A t heA;

int nyn, counter;

public B(A a, int n) {
theA = a; counter = nyn = n;
_ABCoord = ABCoor d. creat eCoord();

}
/1 ...the usual renam ng/duplication schene for all nethods of B
/1

and the usual accessor nethods

public class ABCoord {

static bool ean one = fal se;

static ABCoord t heABCoord;

Met hSt at e Aconnect = new MethState();
Met hSt at e Aput = new MethState();

Met hSt ate Areset = new MethState();
Met hState Arun = new MethState();

Met hSt ate Breset = new MethState();
Met hState Brun = new MethState();

bool ean full = fal se;

public static synchroni zed ABCoord createCoord() {

/'l See key point Z

/'l See key point Z

/'l See key point Z

if (lone) { /1 See key point Z

t heABCoord = new ABCoord();
one = true;

}
return theABCoord;

public synchroni zed voi d enter_Aput (A jcoreobj) {
while (// conditions for waiting
Aput . i sBusyByQt her Thread() /* fromselfex */ ||
T(Mfull) /* fromrequires */ ) {
try { wait(); } catch (InterruptedException e) {};

Aput .in();

public synchroni zed void exit_Aput (A jcoreobj) {

Aput . out () ;
if (jcoreobj._dget_index() == 10) full = true;
if (Aput.depth == 0) notifyAl();

}

/[l ...simlar for all other nethods of A
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public synchroni zed void enter_Breset(B jcoreobj) {
while (// conditions for waiting
Tfull /* fromrequires */ ) {
try { wait(); } catch (InterruptedException e) {};

Breset.in();

public synchroni zed void exit_Breset (B jcoreobj) {
Breset.out();
if (Breset.depth == 0) notifyAll();

// simlar for all other nethods of B

}

Key point:

Z. This is a multi-class coordination case. It is implemented by having all instances of the in-
volved classes share the same coordinator object. For that reason, the cr eat eCoor d method
is dlightly more sophisticated than the previous cases, working over a static variable that is set
at most once and that holds the single coordinator object. This is the only difference between
per_object and per_class coordination, and everything else of the trandation and the weaving is

the same.

4.3. Target Architectures for Implementing RIDL

The implementation of RIDL is considerably more complex than the implementation of COOL.
Besides having a more complicated run-time, the details of RIDL’s implementation, which are es-
sential to make it work, can only be fully understood by those who have a relatively deep knowl-
edge of Java RMI. This explanation focuses on the architectural issues of the implementation,
while disclosing some of the important details without which the architecture does not work.

In using Java RMI, one might be tempted to directly trandate RIDL’s portals into Java's Re-
not e interfaces, and make the corresponding JCore class implement that interface. That, however,
doesn't implement the semantics of RIDL, for one fundamental reason: in RIDL, any object can be
passed by global reference or by copy, and that is defined by the programmer on a per remote op-
eration basis; in Java, the parameter passing mode is statically associated with the objects on a
type basis. That is, in Java, when a class implements the Renot e interface, its instances are a-
ways passed by global reference, and when a class implements the Ser i al i zabl e interface, its
instances are always copied. A direct translation from RIDL’s portals into Java's Renot e inter-

faces wouldn’'t handle, for example, the following case:
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portal ANode {
ANode get Left (ANode ot her) {
ot her: gref;

}

i nt add(ANode ot her) {
ot her: copy;

}

}

The basic idea is, then, to define a protocol % the RIDL protocol % that uses Java RMI as a
lower level protocol. The RIDL protocol is responsible for implementing the customized data trans-
fersthat are specified in the portals. The next subsections describe the most important pointsin the
RIDL protocol: (1) an overview of the run-time; (2) interaction with the name server; and (3) data

transfer protocols.

4.3.1. Run-time Architecture

Figure 35 shows the resulting run-time architecture for when an object in execution space 2,
aQbj , isreferenced by some other execution space 1 (the client space). The implementation of the
virtual reference spawns over three layers of protocol: the application, the RIDL layer and the RMI
layer. Space 1 (the client), at the application level, contains a proxy for type-conformance, that, in
turn, contains a reference to a RIDL proxy, obj PP, that interacts with Java RMI. Space 2 (the

APPLICATION Space 2
LAYER

Space 1
(client of aObyj)

real reference

the object’s proxy @

R he portal object R
| the portal proxy, CObjPP aObJP |

D D
R \ R
M M
|

Figure 35. Run-time architecture for D’ s remote objects.
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provider), at the application level, contains the “real” object, aCbj , which, in turn contains a ref-
erence to an object at the RIDL layer, aCbj P, that represents aObj 's portal. All incoming callsto
abj are infact, callsto aObj P, who directs them to aCbj . The purpose of P and PP objectsis
to implement RIDL’ s protocols.

The architecture shown in Figure 35 follows some well known design patterns that have been
identified in the literature, namely the Proxy and the Adapter patterns [21]. The following subsec-

tions describe each of the piecesin detail.

4.3.1.1 Application-level Proxiesfor D’s Remote Objects

Proxies are local handles for remote objects. They respond to, at least, the same set of operations,
and they are responsible for, at least, redirecting the calls to the remote object. One of the most
important constraints that proxies must observe is that proxy classes must be of the same type as
the application classes they represent, so that client programs are unaware of proxies but till type
check correctly.” There are a number of ways of implementing proxies in accordance to this con-
straint. This implementation of RIDL takes the simplest approach: proxy objects are of the same
class as the objects they represent. In the implementation space, the class of a D remote object pro-
vides two kinds of behaviors: one for the objects as defined by the JCore class, and one for proxies.
An instance of such class is either a JCore object or a proxy, but not both at the same time; the
behavior is defined at instantiation time and doesn't change. Consider, for example, the following

class and its associated portal:

class A { portal A {
void f() { ...} void f();
int g() {.} int g();
double h(int i) { ..} }

}

Disregarding a number of details, the output woven classis as follows:

class A {
APP _pp = null; // by default, these are real objects
A(APP proxy) { _pp = proxy; } // constructor called by the run-tineg,
/1 if this is a proxy
protected void _d f() { original inplenmentation of f }

void f() {
if (_pp!=null) // this is a proxy object; redirect the cal
_pp.f();
el se /1l this is a real object; execute the nethod here
_d_f();

/'l simlar for g and h

}

“ If the proxy classes and the classes they represent are not type-conforming, the purpose of the proxy mechanism is defeated, because at
compile-time, client programs must decide whether to reference proxies to remote objects or local objects.
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The pair of methods was explained in 84.2.6. The dua behavior of classes associated with
portals can be seen in this code: when _pp isnull, A objects behave as defined by the programmer;
when _pp holds a reference to a portal proxy, A objects behave as application-level proxies for

type-conformance that simply redirect the invocation to the lower level of the protocol.

4.3.1.2 Portal Objects and their Proxies

Each instance of a classthat is associated with aRIDL’s portal (aObj in Figure 35, and hereafter
called the “redl” object) is associated, in the implementation space, with an object called the portal
object (P). The purpose of a P object is two-fold: this is the Java’'s RMI Renpt e object that is
passed around as a global reference instead of the “real” object, and it serves as the filter (i.e. the
connector) to the real object, trandating the parameters and return value into the types expected by
DJ library. Therefore, the implementation of the portal object is a skeleton of the operations of the
real object which simply redirects the incoming remote calls to the real object. Ps exist in the same
execution space of their “real” objects.

Ps have remote counterparts called portal proxies (PPs). The purpose of these proxiesis to de-
tect illegal remote calls from clients (i.e. calls to methods that are not remote operations), aswell as
to trandate the parameters and return value into the types expected by DJ library.

Considering again the example of the previous page, and disregarding some details, the pair of

classes P and PP is as follows;

/'l the class of the portal proxy /'l the portal class
cl ass APP { class AP inplenents APRI {
APRI rself; // reference to the A nyself; //reference to the real
/'l rempte portal object //object in the sane space
APP(APRI o0) { rself = o; } AP(A o) { nyself = o; }
void f() { void f() {
rself.f(); // redirect mysel f.f():
}
int g() { int g() {
return rself.f(); // redirect return nyself.g();
} }
}
double h(int i) {
/1 this is not a renote operation! |// the portal interface
t hrow new DI nval i dException(); interface APRI extends Renpte {
} void f() throws RenoteException;
} int g() throws RenoteException;
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Thisis asmple example. The only sign of the RIDL protocol isin the portal proxy class APP,
which throws an exception when a client space tries to make a remote invocation to method h. Ac-

cording to the portal, h is not a remote operation.

4.3.1.3 Traversalsand Traversal Classes

Consider, for example, the following portal:

portal Library {
BookCopy get Book(User u, String title) {
return: copy {BookCopy bypass borrower; Book bypass copies;}
u: copy {User bypass books;}

Book findBook(String title) {
return: copy {Book bypass copies, ps;}

}
}

In order to copy the parameter and return objects according to the copying directives, the DJ
run-time relies on the existence of run-time representations of the traversal directives. The traversal
directives declared in a portal are grouped in a class called “ClassNameTraversas,” where Class-
Name is the name of the class the portal is associated with. Traversal directives are represented at
run-time by Traversal objects (see Appendix D). Traversal objects consist smply of a number of
class names and associated “ missing parts.”

In the example above, the output class LibraryTraversals contains three traversal objects, each
one representing atraversal directive of the portal. The first traversal object correspondsto the first
copying directive in get Book; it associates the class name “BookCopy” with the field
“borrower,” and the class name “Book” with the field “copies,” meaning that this directive ex-
cludes the bor r ower field of class User , and the copi es fields of class Book. The second
traversal object corresponds to the second copying directive in get Book; it associates the class
name “User” with the field “books,” meaning that this directive excludes the books field of class

User . Etc. The codeis as follows:

class LibraryTraversals {
public static Traversal t1, t2, t3;
static bool ean once = fal se;
public static synchronized void init() {
I nconpl et ed ass c;
if (once) return; // initialization should be done only once

tl = new Traversal ("t1", "LibraryTraversals");
¢ = new | nconpl et eCl ass(" BookCopy");

c. bypass("borrower");

t1.inconpl eteC ass(c);

¢ = new | nconpl et eCl ass("Book");

c. bypass("copies");
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c. bypass("ps");
t1.inconpl eted ass(c);

2 = new Traversal ("t2", "LibraryTraversals");
= new I nconpl et eC ass("User");
. bypass("books");

t
c
c
t2.inconpl eteC ass(c);

t3 = new Traversal ("t3", "LibraryTraversals");
¢ = new | nconpl et eCl ass("Book");

c. bypass("copies");

c. bypass("ps");

t 3. i nconpl et eC ass(c);

once = true;

}
}

4.3.2. The Name Service

The bootstrap for the proliferation of remote references is the Name Server. The Name Server isa
remote object whose reference is globally known to al execution spaces. The name server in DJis
the one provided by Java RMI, but with a special DJ-specific porta to it, whose purpose is to
bridge between Java's Remote objects and D’s remote objects using the portal objects described
before. The interface to DJ s name service is given below; the implementation of this interface is
given in Appendix D.

portal DJNam ng {
/1 Associate the given URL with the given DJ object

void bind(String url, Object obj) {
obj: gref;

/'l Lookup a DJ renote object that is associated with the given nane
oj ect | ookup(String url) {
return: gref;

b
}

4.3.3. RIDL’sData Transfer Protocols
4.3.3.1 Passing Primitive Data

The protocol for passing primitive data (integers, doubles, etc. — Strings are also considered primi-

tive) isto use the RMI passing modes directly. The example in page 136 illustrates this part.
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4.3.3.2 Passing Global References
In this implementation architecture, al global references that are passed between execution spaces,
including with the Name Server, are, in fact Java's global references corresponding to portal ob-

jects. For example, when a JCore object exports its name to the Name Server:

public class ANode {
public void exportNanme(String nane) ({
DINami ng. bi nd(“rm :// gl obi n. parc. xerox. conf + nane, this);

}
The DJ's interface to the Name Server exports, in fact, the portal object associated with t hi s

object. From the implementation of DIJNaming.bind, in Appendix D:°

public static void bind(String name, DCbject obj) /* Exceptions omtted */ {
Renote renoteCb) = null;
renoteCbj = (Renpbte) (obj.getC ass().getField("_p").get(obj));
/'l exception catching onmtted
Nam ng. bi nd(nane, renotelj);
}

On the client side, when a global reference is imported, there is the instantiation of proxies. For

example, when a client class looks up a name in the Name Server:

/1 in sone JCore client class
ANode n = DJNami ng. | ooukup(“rm ://gl obin. parc. xerox. cont);

The DJ s interface to the Name Server imports the portal object’s globa reference, and instan-

tiates the proxies. From the implementation of DINaming.lookup, in Appendix D:

public static Object |ookup(String nane) /* Exceptions omtted */ {
Renot e renot eCbj ect = Nami ng. | ookup( name) ;
String classNane = get TheCl assNane(renpt e(hj ect) ;
DObj ect theObject = null;
Class thed ass = (Cl ass.forName(cl assNane));
Class ppC ass = (O ass.forNane(classNane + "PP"));
t hebj ect = (Dhj ect)theC ass. newl nstance();
oj ect ppObj ect = ppd ass. new nstance();
(theC ass.getField("_pp")).set(theject, pphbject);
(ppCl ass.getField("rself")).set(ppCbject, renptelhject);
/'l exception catching onmtted

}

The imported global reference is stored in the portal proxy’s variable called r sel f (remote
self), and the reference to the portal proxy itself is stored in the D remote object proxy’s variable
caled pp. A dightly different version of this implementation pattern is used also whenever a
JCore object is passed by reference in remote calls. The example in 84.3.3.2 illustrates this part of

the protocol.

® Most “get” methods shown here are part of Java' sreflection API.
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4.3.3.3 Passing Copies

The solution devised to pass possibly incomplete copies of argument and return objects is to wrap
those objects into special objects that know how to perform packing/unpacking traversals. All ar-
guments of non-primitive types that are completely or partialy copied in remote calls are repre-
sented at run-time by instances of the DJ library class DArgument. A DArgument associates a pa-
rameter or return object with a particular traversal object (that may be null, if the copy is to be
deep copy). Traversal objects were presented in 8§4.3.1.3. For example, the following remote op-

eration

portal Library {
BookCopy get Book(User u, String title) {
u: copy {User bypass books;}
return: copy {BookCopy bypass borrower; Book bypass copies;}

} I
results, a run-time, in two DArgument objects, one for the User parameter and the other for the
return object; those DArgument objects associate the respective D object with a Traversal object
that represents the corresponding copying directive. The following pieces of code illustrate this part

of the protocal:

/'l The portal proxy class (client side)
class LibraryPP {
/'l everything else of this class onmtted

BookCopy get Book(User u, String title) {
DAr gunent a;
a = new DArgunent (u, LibraryTraversals.t2);
return (BookCopy)(rself.getBook(a, title).obj);

}

/'l The portal class (provider side)
class LibraryP inplenents LibraryPR {
/'l everything else of this class
/] omtted

DAr gunent get Book( DArgunment u, String title) {
BookCopy ret;
ret = nysel f. get Book((User)(u.obj), title);
return new DArgunment (ret, LibraryTraversals.tl);

}

The marshaling itself is done recursively by methods in each of the classes of the arguments and
return values. These methods are generated by the weaver. The library class DArgument connects

up to those marshaling methods (see class DArgument in Appendix D).
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For example, given a class User:

cl ass User {
private String nane;
private BookCopy books[];
private int index;
/1 ...methods ...

}
Two specia methods, one for packing and the other for unpacking, are needed in order to pass

partial copies of user objects. The method for packing is, in pseudo-code,

void _d_wite(CbjectQutput out, Traversal t) {
for each of the variables of class User (name, books and index),

if the variable nane is a “mssing part” in the given traversal,
skip it;

if the variable nane is not a “mssing part”
pack it into the ObjectCutput out;
(Special attention nust be given to arrays,
non- D obj ect s)

in the given traversal,
nul | objects and

}
The method for unpacking is similar, but it reconstructs objects from the data in the Obj ect -

| nput . The example presented in 8§4.3.4.2 shows in much greater detail the protocol for passing

incomplete copies.
4.3.4. Examples

4.3.4.1 Arguments of Primitive Types and gref

Consider the following JCore class and its portal:

public class ANode { —n ANode
protected int mynunber; _ _
protected ANode left, right; public vol d set _left(Ahade)
public ANode(int n, ANode |, ANode r) { : : :
mynunber = n; P ey O (M)
left =1; right =r; PUBTTc ANode get Tefi()
} /1l see source
public void set _left(ANode |I) { | = left; } publ i ¢ ANode get_right ()
public void set_right(Anode r) { r = right; } /1 see source
public ANode get _left() { return left; } public int get_number()
public ANode get_right() { return right; } /1 see source
public int get_nunber() { return mynunber; } publ G void traverse()
public traverse() { =
System out. println(“Node ” + nmynunber);
left.traverse(); portal ANode
right.traverse();
} } void set_left(gref ANode)
gref ANode get _right()
portal ANode { int get_nunber ()
void set_left(Anode I) { I: gref; };
ANode ANode get_right() { return: gref; }; voi d traverse()

int get_nunber();
void traverse();
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ANodePRI : Renot e ANode Target architecture
public vord set feft(AnodeRr) protected void _d_set_|eft(ANode) for §434
public ANodePRI get_right() public void set_Teft(ANode)
public int get_nunber() "' protected void _d_set_ri ght (ANode) - .
public void traverse() ','. public void set_right (ANode)

& ANodeP  /
7

protected ANode _d_get _left()

Ypublic void set_|eft(ANode)

implements ! |pubrc Awde ger ety / ANodePP
' =~ N

protected ANode _d_get _right()

“[public void set_rignht(ANod
-lpubl i ¢ ANode get _right() public void set_right( e)

‘ [protected Mt _d_get _number () - .

ANode nysel f; - public ANode get _left()

2\
qpublic int get_nunber () R N :)public ANode get right()
: Ty

public void set_left(ANodeRl)[ -
‘ ~Ypublic int get b
protected void _d_t raMse() public int get_nunber ()

public ANodePRI get_right() ”' e

I P >|public void traverse()

>{public void traverge(

ANodePP _pp; ANodePRI rsel f;
ANodeP _p;

public int get_nunber()

public void traverse()

Implementation of DJava remote object

The client’s side: 2 levels of proxies

From this source code, the following classes and interface are generated:

interface ANodePRI extends Renote { /'l See key point
int get_nunber() throws RenoteException; /1 See key point
void traverse() throws RenoteException;
voi d set_left(ANodePRl 1) throws RenoteException; /1 See key point
voi d ANodePRI get _right (AnodePRlI r) throws RenpteException;
}
public class ANodeP inpl ements ANodePRI { /1 See key point
ANode nysel f; /'l See key point
Renot eSt ub nyst ub;
publ i ¢ ANodeP(ANode s) { /1 See key point
nyself = s;
try {nystub = Uni cast Renpt eObj ect. export Qbject(this);}
catch (RenoteException e) {
Systemout.println (e.toString());
}
}
public int get_number() throws RenoteException { /1 See key point
return nysel f.get_nunber();
}
public void traverse() throws RenoteException { /1l See key point

nysel f.traverse();

}
public void set_left (ANodePRl |) throws RenoteException {
mysel f.set _| eft (new ANode( new ANodePP(1))); /1l See key point

}
public ANodePRI get_right (ANodePRI r) throws RenpteException {
return nysel f.set_right (new ANode(new ANodePP(r))). _p;

/| See key poi nt

W >
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public class ANodePP { /'l See key point A
ANodePRI rsel f;
publ i c ANodePP(ANodePRI s) { rself =s; } [/l See key point E

public int get_nunber() throws DI nval i dRenot eCperation {
try {return rself.get_nunber();} /'l See key point G

catch (RenoteException e) {
Systemerr.println("Renpte exception in get_nunber");

return O;
}
public void traverse() throws DI nval i dRenot eQperation {
try {rself.traverse();} Il See key point G

catch (RenoteException e) {
Systemerr.println("Renpte exception in traverse");

}
public void set_|eft(ANode al) throws DI nvali dRenoteQperation {
try {rself.set left(al._p);} /'l See key point M

catch (Renot eException e) {
Systemerr.println("Renpte exception in set_left");

}
public void set_right(ANode al) throws DI nval i dRenot eCperation {
t hr ow new DI nval i dRenot eQper ati on(); /] See key point F

}
public ANode get_left() throws DI nval i dRenot eCperation {
t hr ow new DI nval i dRenot eQper ati on(); /] See key point F

}
public ANode get_right() throws Dl nvali dRenpoteOperation {
try {new ANode (ANodePP(rself.set_right()));} [/l See key point M

catch (RenoteException e) {
Systemerr.println("Rempbte exception in set_right");

}
}
}

public class ANode inplements DObject { [/l See key point H
protected int mynunber;
protected ANode left, right;
public ANodeP _p = null; [/l See key point H

public ANodePP _pp = null; [/l See key point H
/1 the null-ary constructor nust exist, because of a

/1 Java's serialization APl undocunented requirenent

public ANode(){}

public ANode(int n, ANode |, ANode r) {

nynunber = n;
left =1; right =r;
_p = new ANodeP(this); /I See key point H
}
public ANode(ANodePP r) { _pp =r; } /I See key point H
protected void _d_set_left(ANode I) { I = left; } [/l See key point |
public void set_|eft(ANode I) { [/l See key point |
if (_pp !'=null) { /1 See key point J

try {_pp.set_left(l);}

catch (Dl nval i dRenpt eOperation e) {
Systemerr.println("Invalid Renote operation set_left");

}
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else _d_set _left(l);

}
protected void _d_set_right(ANode r) { r =right; } // See key point |
public void set_right(ANode r) { [/l See key point |
if (_pp !'=null) { /1l See key point J
try {_pp.set_right(r);}
catch (Dl nval i dRenpt eOperation e) {
} Systemerr.println("Invalid Renpte operation set_right");
el se _d_set _right(r);
}
protected ANode _d_get left() { return left; } [/l See key point |
public ANode get_left() { [/l See key point |
if (_pp !'=null) { [/l See key point J
try {return _pp.get_left();}
catch (Dl nval i dRenpt eOperation e) {
Systemerr.println("Invalid Renote operation get_left");
return null;
}
else return _d_get_left();
}
protected ANode _d_get _right() { return right; } [/l See key point |
public ANode get_right() { /'l See key point |
if (_pp !'=null) { /1l See key point J
try {return _pp.get_right();}
catch (Dl nval i dRenpt eOperation e) {
Systemerr.println("Invalid Renpte operation get_right");
return null;
}
el se return _d_get _right();
}
protected int _d_get_nunber() { return nynumber; } // See key point |
public int get_number() { [/l See key point |
if (_pp !'=null) { /1l See key point J
try {return _pp.get_nunber();}
catch (Dl nval i dRenpt eOperation e) {
Systemerr.println("Invalid Renpote operation get_nunber");
return O;
}
el se return _d_get _nunber();
}
protected void _d_traverse() { [/l See key point |
System out. println("Node " + mynunber);
if (left '=null) left.traverse();
if (right '= null) right.traverse();
public void traverse() { [/l See key point |
if (_pp !'=null) { /1 See key point J

try {_pp.traverse();}
catch (Dl nval i dRenpt eOperation e) {
Systemerr.println("Invalid Renote operation traverse");

}

el se _d_traverse();
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}

public void witeExternal (ObjectQutput out) {
/1 this nethod will be explained in the next exanple; in this exanple,
/1 it is never called, because ANode objects are never passed by copy

public void _d witeExternal (ObjectQutput out, Traversal t) {
/1 this nethod will be explained in the next exanple; in this exanple,
/1 it is never called, because ANode objects are never passed by copy

public void readExternal (Objectlnput in) {
/1 this nethod will be explained in the next exanple; in this exanple,
/1 it is never called, because ANode objects are never passed by copy

public void _d_readExternal (Objectlnput in, Traversal t) {
/1 this nethod will be explained in exanple 4; in this exanple,
/1l it is never called, because ANode objects are never passed by copy

}

Key points:

A.

From the RIDL’s portal the trandator generates two classes and one Java interface (See Figure
35). The class having the suffix “P” is used to instantiate interface objects, Ps, which are a-
ways associated with JCore's ANode objects; the class having the suffix “PP” is used to in-
stantiate, on the callers side, the portal proxies that are associated with Ps; the interface having
the suffix “PRI” is a Java requirement for exporting references outside execution spaces, and
this interface is implemented by the P class (but not by the PP class, since PPs are proxies that
are never passed to other execution spaces).

The Javainterface declares only the remote operations declared in the RIDL portal.

P classes define the behavior of JCore objects when they are invoked from other execution
spaces. Each P knows about its “real” JCore object, by holding its reference in the variable
mysel f, whichisinitialized at instantiation time. Also at instantiation time, P references are

exported to the RMI run-time (RMI requirement for passing global references).

. The only operations implemented by P classes are the ones defined in the PRI interface (see B),

and, in this case, these methods simply redirect the call to the “red” object. Asit will be shown
in later examples, these methods do something else when there are arguments of non-primitive
types.

As for the PP class, it is used to instantiate P proxies on the calers side. It contains only one
variable, r sel f (remote self), which holds a Java s remote reference to a PP. This variable is
initialized when the PP is created.

Although ANode and ANodePP don’'t share any Java interface, ANodePP class implements

exactly the same methods as ANode, with the same signatures; PPs are local representatives of
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remote objects, and at weave time it is not possible to determine if a reference to an ANode
object holds alocal or a remote object. Therefore, one of the responsibilities of PPs is to filter
out remote method calls that are not declared remote operations in the RIDL interface, by
throwing a DI nval i dRenpt eQper at i on exception. This implements the semantic fea-
ture of RIDL that states that, from other execution spaces, only the declared remote operations
can be called.

G. For the valid remote operations, the PP redirects the call to the P. These methods do something
else when there are arguments of non-primitive types.

H. The JCore class ANode is woven, and results in a Java class with the same name that imple-
ments the DObject interface (see Appendix D). There are two new variables: _p, which holds
the reference to the corresponding P when the ANode object isa “red” object, and _pp, which
holds the reference to a PP when the ANode object is a proxy that represents some remote AN-
ode object. The implicit run-time invariant is that only one of these variablesis not null (i.e. an
instance of the resulting ANode class is either a “real” object or a proxy, but not both). Every
congtructor is extended with the initialization of the _p variable; that is, when the JCore appli-
cation does new ANode( ..) it always gets a “rea” ANode. ANode proxy objects are in-
stantiated by the DJ run-time through the special constructor that takes an ANodePP as argu-
ment.

I. Asexplained for COOL, each method of ANode is transformed in a pair of methods in the re-
sulting ANode class: the “implementation” method with prefix “_d ", and the wrapper method
with the original name. The “implementation” method contains the original method body. This
technique is used to implement the semantics of inheritance of aspect modules.

J.  The wrapper method checks whether this ANode object isa*“real” object or a proxy, and redi-
rects the call accordingly. (When _pp is not null, the object is a proxy.)

K. Passing an ANode object by gref results in an operation that passes an ANodePRI object (i.e. a
P, since Ps are the only classes that implement PRIS).

L. Theimplementation of the methods in the P class takes ANodePRIs as arguments and converts
them to ANode objects before passing them to the “real” object. The conversion is done by in-
stantiating an ANode proxy object, that is, an object of class ANode that behaves like a proxy
(it's _pp variable holds the PP that is instantiated here). Therefore, calls to that argument will

eventually result in remote calls.
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M. The implementation of the methods in the PP class takes ANode objects as arguments (exactly
like the signatures in class ANode), and passes only the P object of those arguments. Java RMI

takes care of passing the remote references of those objects.

4.3.4.2 Passing Copies
Consider the following classes and portal. This set of classes is part of a larger application. The
focus of this piece of code is on the relations between the classes, which define how the marshaling

traversals are to be done. Therefore, almost all methods were left out.

public class Book {

private String title, author, isbn;

private Post Script ps;

private BookCopy[] copi es;

private int n_copi es;

public Book(String t, String a, String i, PostScript p) {
title = t; author = a; isbn =i; ps = p;

copi es = new BookCopy[ 3] ;
copi es[0] = new BookCopy(0, this);
n_copies = 1;

Library
/!l all other nethods omtted ‘ books

y users j
public class BookCopy { *I ’

private int mynunber;

private Book theBook;

private User borrower;

publ i ¢ BookCopy(int n, Book b) {
nynunber = n;
t heBook = b;

} books copies
/1 all other nmethods onitted BookCopy [+

User Book

3

}

public class User {
private String nane; borrower theBook
private BookCopy books[] = new BookCopy[ 10];
int index = 0;
public User(String n) { name = n; }
/] all other nmethods omitted

}

public class Library {
private Hashtable books, users;
public Library(int capacity) {
books = new Hasht abl e(capacity);
users = new Hasht abl e(100);

}
publ i c BookCopy get Book(User u, String title) {
/1 inplenentation onmtted

public Book findBook(String title) {
/1 inplenentation onmtted
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portal Library {
BookCopy get Book(User u, String title) {
return: copy {BookCopy bypass borrower; Book bypass copies;}
u: copy {User bypass books;}

Book findBook(String title) {
return: copy {Book bypass copies, ps;}

}
}

This code results in the classes shown below. Note that the P and PP classes, the PRI interface and
the Traversals class resulting from the Library portal are shown, but the woven Library class itself
is not shown (its weaving is similar to the weaving of class ANode in the previous example). The
explanation of the marshaling routines is illustrated only with the class Book, because this class
has the most diverse set of variables. However, all classes that pass through the RIDL Weaver
(including Library, User and BookCopy) end up implementing the DObject interface, and therefore
must implement the four marshaling methods, exactly in the same way as shown for the Book

class.

interface LibraryPRl extends Renote { /'l See key point N
DAr gument get Book (DArgunment u, String title) throws RenpteException;
DArgunent findBook (String title) throws RenoteException;

}

final public class LibraryTraversals { /1 See key point O
public static Traversal tl1, t2, t3;
static bool ean once = fal se;
public static synchronized void init() {
I nconpl et ed ass c;
if (once) return;

1 = new Traversal ("t1", "LibraryTraversals");
= new | nconpl et ed ass(" BookCopy") ;

. bypass("borrower");

1.inconpl eteC ass(c);

¢ = new | nconpl et eCl ass(" Book");

c. bypass("copies");

c. bypass("ps");

t1.inconpl eteC ass(c);

t
Cc
Cc
t

t2 = new Traversal ("t2", "LibraryTraversals");
¢ = new | nconpl eteC ass("User");

c. bypass("books");

t2.inconpl eteC ass(c);

t3 = new Traversal ("t3", "LibraryTraversals");
¢ = new | nconpl et eCl ass(" Book");

c. bypass("copies");

c. bypass("ps");

t 3. i nconpl eteC ass(c);

once = true;
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public class LibraryP inplenents LibraryPR {

Li brary nysel f;

Renot eSt ub nyst ub;

public LibraryP(Library s) {
nyself = s;
try {nystub = Uni cast Renpt eObj ect. export Qbject(this);}
catch (RenoteException e) {

Systemout.println (e.toString());

Li braryTraversals.init(); /1l See key point

}
publ i c DArgunment get Book(DArgunment u, String title)
throws Renot eException { /'l See key point

return new DArgunment (nyself.getBook((User)(u.obj), title),
Li braryTraversals.t1);

}
public DArgunment findBook (String title) throws RenoteException {

return new DArgument (nyself.findBook(title), /1l See key point
Li braryTraversal s.t3);
}

public class LibraryPP {
public LibraryPRl rself;
public LibraryPP() {LibraryTraversals.init();}
public LibraryPP(Li braryPRI s) {
rself =s;
Li braryTraversals.init(); /1l See key point

}
publ i ¢ BookCopy get Book(User u, String title)
t hrows DI nval i dRenpt eQperation {

try { /'l See key point

return (BookCopy) (rsel f. get Book(new DArgument (u, LibraryTraversals.t?2),

title).obj);

}
catch (RenoteException e) {
System out. println("Renpte exception in getBook");

return null;
}
publ i c Book findBook(String n) throws DI nvali dRenot eQperation {
try {
return (Book) (rself.findBook(n)).obj; /1l See key point

}
catch (RenoteException e) {
System out. printl n("Renpte exception in findBook");

return null;
}
}
public class Book inplenments Dbject {
private String title;
private String aut hor;
private String i sbn;
private Post Script ps;
private BookCopy[] copi es;

public Book() {}
public Book(String t, String a, String i, PostScript p) {
/'l exactly the sanme constructor code as in the source Book class

/1l all other nethods omtted

R

R
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/1 Marshaling routines [/l See key point S
public void writeExternal (Object Qut put out) { [/l See key point T
try {
out.witeObject(title);
out.writeCbject(author);
out.witeCObject(isbn);
out.writeCbject(ps);
out.writeCbject(copies);
} catch (Exception e) {
Systemerr.println("Error in packing Book.\n" + e.toString());
}
} .
public void readExternal (Qbjectlnput in) { [/l See key point T
try {
title = (String)in.readject();
author = (String)in.readObject();
isbn = (String)in.readObject();
ps = (PostScript)in.readObject();
copi es = (BookCopy[])in.readObject();
} catch (Exception e) {
Systemerr.println("Error in packing Book.\n" + e.toString());
}
} .
/'l See key point U
public void _d witeExternal (ObjectQutput out, Traversal t) {

try {
DPartCutter ¢ = t.islnconpleteC ass("Book"); [/l See key point V

if (!c.bypassPart("title")) [/l See key points V,
out.witeObject(title);
if (!c.bypassPart("author"))
out.writeCbject(author);
if (!c.bypassPart("isbn"))
out.witeCObject(isbn);
if (!c.bypassPart("ps")) { /'l See key points V, X
if (ps == null || (ps '= null && !'(ps instanceof DCbject))) {
out.witeCbject("Object");
out.writeCbject(ps);

el se {
out.witeCbject("Dject");
out.witeCbject(ps.getC ass().getNane());
((DObj ect)ps). _d_witeExternal (out, t);

}}
if (!c.bypassPart("copies")) { /'l See key points V, X Y
if (copies == null)

out.witeCbject(new Integer(0));
el se {

out.witeCbject(new I nteger(copies.length));

for (int i =0 ; _i < copies.length; _i++) {

if (copies[_i] == null ||
(copies[_i] !'= null && !(copies[_i] instanceof Dbject))) {

out.witeCbject("Object");
out.witeCbject(copies[_i]);

el se {
out.witeCbject("Dject");
out.witeCbject(copies[_i].getC ass().getNane());
((DObj ect)copies[_i])._d witeExternal (out, t);
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}
}
}

}
} catch (Exception e) {
Systemerr.printIn("Error in _d_packing Book.\n" + e.toString());

}
/'l See key point U
public void _d_readExternal (Objectlnput in, Traversal t) {

try {
DPartCutter ¢ = t.islnconpleteC ass("Book"); [/l See key point V

if (c.bypassPart("title")) title = null; [/l See key points V, W
else title = (String)in.readObject();

if (c.bypassPart("author")) author = null;

el se author = (String)in.readObject();

if (c.bypassPart("isbn")) isbn = null;

el se isbn = (String)in.readOject();

if (c.bypassPart("ps")) ps = null; /'l See key points V, X
el se {
if (((String)in.readOject()).equals("Dbject")) {

String classnane = (String)in.readObject();

ps = (PostScript)d ass. forNane(cl assnane) . newl nst ance() ;

((DObj ect) ps). _d_readExternal (in, t);

el se
ps = (PostScript)in.readObject();
}

if (c.bypassPart("copies")) copies = null; //See key points V, X Y
el se {
int n = ((Integer)in.readObject()).intValue();
if (n == 0) copies = null;
el se {
copi es = new BookCopy[n];
for (int _i = 0; _i < copies.length; _i++) {
if (((String)in.readOject()).equals("Dbject")) {
String classnane = (String)in.readbject();
copi es[ _i] = (BookCopy) d ass. for Name(cl assnane). newl nst ance() ;
((DObj ect)copies[_i])._d_ readExternal (in, t);

el se
copies[_i] = (BookCopy)in.readject();

}

}
} catch (Exception e) {
Systemerr.println("Error in _d_unpacking Book.\n" + e.toString());
}
}
}

Key points:
N. When the remote operations take arguments of non-primitive types that are to be passed by

copy, as in this case, the PRI interface declares arguments of type DArgument in the corre-
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sponding positions. (Note: some types of the javalang library, e.g. String, are considered
primitive)

O. Because the RIDL portal for Library contains traversals, the class LibraryTraversals is also
generated. The purpose of this class is to hold descriptions of the traversals specified in the
portal. Those descriptions are stored in Traversal objects (see Appendix D). The naming of the
traversal variables follows the order by which the traversal specifications appear in the RIDL
portal. In this case, there are three traversals, therefore three Traversal variables: t 1 for the
return BookCopy object in operation getBook, t 2 for the User argument in operation getBook,
andt 3 for the return Book object in operation findBook. These variables are static, and are set
only once through thei ni t method (which is aso static).

P. Thei nit method of class LibraryTraversals is called whenever a P or a PP are instantiated.
Therefore, when the DJ run-time needs the traversals for passing objects, the traversals are al-
ready initialized.

Q. The methods of the P class bridge between DArguments and whatever types are expected by
the methods in the Library class. In the case of a parameter, the method takes the object (obj )
that was constructed by the DJ runtime and sends it to the “real” object; in the case of the re-
turn object, the method constructs a DArgument from the return of the call to the “real” object,
sending it the corresponding traversal object.

R. On the callers side (in the PP), the opposite is done: for parameters, the method constructs a
DArgument associating the parameter with a traversal, so that the DJ run-time can marshal the
object according to the traversal; for return objects, the method extracts the object (obj ) that
was constructed by the DJ run-time, and sends it to the upper proxy.

S. There are two pairs of marshaling methods: the wr i t eExt er nal , r eadExt er nal , from
Java's Externdizable interface, and the _d writeExternal, _d readExternal,
which are specific to DObjects. The write methods write the object into an output stream that
is then sent across the wire, and the read methods construct objects from an input stream that
has been received from elsawhere. Each pair of read/write methods is symmetric.

T. Thewr it eExternal /readExt er nal pairisused to marsha DObjects in the absence of
traversals. That is, if no traversal is specified in the RIDL interface, then a deep copy of the
object is sent/received. This is achieved by writing/reading all variables of the Book class, re-

cursively.
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U. The_d_writeExternal/_d_readExternal par isused to marsha DObjects in the
presence of traversals. Therefore, they take a traversal object as the second parameter. Note
that in these methods there isn't any reference to the class Library: the way these methods are
engineered allows for Book instances to marshal all possible combinations of their parts, and
by severa different portals. This alows for classes to be woven in separate, independent of the
traversals in which they are referenced.

V. Traversal objects contain a DPartCutter object that knows exactly which parts of which
classes should not be passed. Therefore, the high-level view of the implementation of
_d_writeExternal /_d_readExternal isto go through al the parts of the current
object, check is they were cut or not, and pack/unpack them for the case they were not cut.

W. For primitive types, they are smply written/read into/from the stream, using Java marshaling.

X. For non-primitive types, more checks must be made, because non-primitive types may be
DObjects or not, and may be null. In order for the reader method to call the appropriate un-
marshaling method, there is the need for sending a tag saying if the part is a DObject or not.
The reader reads the tag, and decides what to do. If the part is null, then the null value is sent
as a non-DObject, so that it is safely unpacked. If the part is not null but also not a DObject,
that means that the traversal cannot apply to it, and its default seriaization is applied instead.
If the part is a DObject, thenits_d_marshaling methods are called.

Y. Arrays must be handled with special care, by iterating through the elements and pack-
ing/unpacking each of them.

4.3.4.3 Inheritance of Portals

The implementation of inheritance of portals is exactly the same as inheritance of coordination. As
already presented in the previous examples, the key engineering mechanism that handles inheri-
tance and overriding of methods according to the given semantics is the isolation of the
“implementation” code in one method and the insertion of another method which does the wrapping
of the aspect at hand. For a detailed explanation of how to deal with inheritance of aspect modules,
see 84.2.7.2 and §4.2.7.3.
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4.4. Integrating COOL and RIDL

The last two subsections described the implementation architectures of COOL and RIDL in isola-
tion from each other. COOL and RIDL are fairly independent, and the trandation parts are com-
pletely independent. However, when a JCore class is associated both with a coordinator and a
portal, the weaving of that class must be done carefully. The engineering problem that must be
solved is how the two kinds of wrapper methods should be integrated. The two kinds of wrappers

are, for example,

/1l From the output of weaving COOL: /1 Fromthe output of weaving RIDL:
protected void _d_put(Object 0) { protected void _d_put(Qbject 0) {
//code for inserting /1 code for inserting
} }
public void put(Cbject o) { public void put(Cbject o) {
_BBCoord. ent er _BBput (thi s); if (_pp!'=null) {
try { this._d_put(o); } try {_pp.put(o);}
finally { catch (Dl nval i dRenpt eOperation e){
_BBCoord_exit_BBput (this); Systemerr.println(“Invalid.”);
} }
} } else _d_put(0);
}

This engineering problem is the manifestation of the issue of how proxies relate to the concur-
rent behavior of the remote objects they represent; and, at an even higher level of abstraction, how
the aspects relate. For these two particular aspects, it is possible to establish arelation that is both
intuitive and realizable.

Proxies should be unaware of the synchronization issues, since synchronization is done for the
execution of methods of the “real” objects: according to the semantics described in Chapter 3, the
coordination COOL targets is only the local coordination, not the distributed coordinated behavior.
Therefore, the first thing that the wrapper methods must check is whether the object isa*“real” ob-
ject or a proxy; if it is a proxy, no synchronization should be done. The ordering of the wrappers

must, then, be;

public void put(Cbject o) {
if (_pp!'=null) {
try{_pp. put(o);}
catch (Dl nval i dRenpt eOperation e) {
Systemerr.println(“Invalid.”);

} else {
_BBCoord. ent er _BBput (thi s);
try { this._d_put(o); }
finally { _BBCoord.exit_BBput(this); }
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Although this idea is smple, its implementation is not so smple, because it must observe the
semantics of inheritance and overriding of aspect modules when those modules are associated with
different classes. Consider, for example, the following class hierarchy:

In this case, A-objects are neither remote nor coordinated, B-

A
objects can be remote but are not coordinated, and C-objects

fO){...}

can be remote and are coordinated. The difficult situation is

that C- objects are coordinated by the coordinator for C and,

a the same time, they are remote aobjects whose portal is the

oneinherited from B.

There are many ways of engineering the correct integration of
the wrappers. One way is to always merge them, as proposed
before % the actual implementation of DJ does this. The

algorithm for merging wrappersis presented in Appendix C.

4.5. Summary

D was integrated with Java in a framework called DJ. This chapter described one implementation
of DJ. Such implementation uses a pre-processor %2 the Aspect Weaver % that translates DJ pro-
grams into plain Java programs. The output Java programs contain specific patterns of code %2
the target architectures % that correctly implement the semantics of D. The architectures de-
scribed here are simple and not optimized, but are they relatively easy to understand and reproduce.

This implementation preserves the modularities of D in the output code. Component and aspect
modules are processed separately, and the dependencies in the output code preserve the dependen-
cies given by the interfaces described in Chapter 3. Coordinators and portals are trandated into
Java classes. The instances of those classes % the “aspect objects’ % execute the particular as-
pect run-time. The JCore classes are woven with hooks that transfer the control to the aspect ob-
jects at the beginning and at the end of the methods.

This chapter described the run-time structures for implementing COOL, RIDL and their inte-
gration with Java. The target architectures were explained in detail, and some input/output exam-
ples were given. The automation of the weaving/trandation is given in Appendix C. The target ar-
chitectures described here should not be seen as the fina and best implementation strategy, but

rather as a reasonable starting point for exploring the implementation space.



