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ABSTRACT

An object-oriented framework enables both black box reuse
and white box reuse in client applications, serving as an im-
portant infrastructural building block. We are refactoring
framework-based applications to modularize cross-cutting
concerns with aspects. In this paper, we explore implemen-
tation issues we encountered while creating non-functional
aspects in AspectC++ that are pluggable and reusable.

1. INTRODUCTION

Aspect-oriented programming can be used to modularize
cross-cutting concerns in application software. Non-func-
tional aspects modularize cross-cutting concerns that do not
directly affect functionality, but instead improve characteris-
tics such as performance, dependability, and configurability.
Though important, they are orthogonal to the primary func-
tionality. Modularizing non-functional cross-cutting con-
cerns with aspects reduces duplicated code. In addition
to reducing duplicated code, aspects improve pluggability,
since a single pointcut can enable or disable the advice code
[6]. Designing aspects with virtual pointcuts and virtual
methods allows an aspect to be reused in different applica-
tions, with application-specific behavior or pointcuts speci-
fied in a concrete aspect.

Object-oriented frameworks serve as infrastructure build-
ing blocks for the development of large-scale industrial appli-
cations. A framework’s application programming interface
(API) enables blackbox reuse [14] while framework classes
enable white box reuse through object-oriented mechanisms
such as composition, inheritance, and polymorphism [13].

Domain-specific frameworks are typically designed as large,
layered systems that include a kernel layer of foundational
services such as access to the operating system, container
classes, and external data stores and domain-specific layers
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[2]. VLSI chip design involves a complex, multi-step flow
that requires many individual tools to share data. VLSI
CAD frameworks provide common translators for different
file formats and enable applications to focus on a specific
task while leveraging framework components for data trans-
lation, persistence, and memory models [1].

Frameworks provide extension points for client applica-
tions that enable object-oriented reuse. However, such ex-
tension points must be anticipated by framework develop-
ers during the design of the framework. Aspects provide an
additional way of providing extension points for client ap-
plications. Advice can be layered on top of existing code
whether or not the developer anticipated the extension.

Although frameworks can be designed or refactored to use
aspects [5], changing existing frameworks can be problem-
atic due to license restrictions, the large number of appli-
cations already using the existing framework implementa-
tion, or the effort required to modify a large framework.
Rather than modifying these frameworks, we can identify
cross-cutting concerns common to many framework-based
applications, particularly cross-cutting concerns that relate
to framework use and extension. In like manner, Ghosh et al.
[4] differentiate between business logic and code that inter-
acts with middleware services, and propose that middleware-
related code be modularized as an aspect.

We use aspects to enhance the use of existing, unmodified
OO frameworks. We are creating a library of framework-
based aspects that represent cross-cutting concerns in frame-
work-based applications. We refactor applications (not the
framework) and weave in aspects from the aspect library;
the refactored applications use both the aspect-library and
the framework. For our aspect library to be beneficial to
many framework-based applications, aspects must be de-
signed with pluggability and reuse in mind. While develop-
ing an aspect library for an VLSI CAD framework used at
Hewlett-Packard, we found that tradeoffs between alterna-
tive implementations have implications for reusing aspects.
We also found that aspects themselves can be developed in
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aspect for enabling user-configuration of a large CAD ap-
plication is considered. Section 4 discusses related work,
followed by conclusions and future work in Section 5.

2. CACHING
2.1 Motivation

Caching is used to improve performance while maintaining
the same functional behavior. Caching is a common example
of a cross-cutting concern that can be modularized as an
aspect. The implementation is largely the same across all
functions that are cached [7, 8].

Framework-based applications contain functions or meth-
ods that implement caching in an ad-hoc way. In VLSI CAD
applications, these functions calculate some property of a
circuit element (an electrical net or transistor). Calculat-
ing the property can involve complex, time-consuming steps,
such as reduction of RC networks for resistance calculation
or graph traversals to calculate reachability. In a framework-
based application, the objects being cached are often in-
stances of framework classes, while the function doing the
calculation is application-specific. One of the framework-
based applications that we are refactoring is an electrical
rules checking (ERC) tool developed at Hewlett-Packard,
the ErcChecker. The ErcChecker consists of approximately
80,000 lines of C++ code.

2.2 Aspect Identification

We can identify cached functions idiomatically since they
use a manually inserted static set or static map. The Erc-
Checker contains 38 functions that separately implement
similar caching code. These functions were in various classes
and did not have a common naming convention, so a list of
pointcut expressions grouped by the logical or operation can
be used to capture them, and the original tangled code can
simply be deleted.

2.3 Design challenges

Caching consists of storing the result value for some input.
In C++, the input can be one of several things, since we can
have procedural functions where the input is a value, method
calls where the input is the object invoking the method, or
functions or methods where an object is passed as a para-
meter.

Non-functional aspect pluggability is important since these
aspects may not always be needed. For example, user com-
ments in one manually cached ErcChecker function indicate
that the cache was not improving performance. Caching is
only effective if cached values are used: a function that does
not recompute the same value during program execution
will not benefit from caching. In prototyping and develop-
ing caching as an aspect that could easily be enabled and
disabled and also monitor its benefits, we found a variety of
interesting trade offs and challenges.

2.4 Cache implementations

2.4.1 Two simple caches

We implemented two simple caching aspects: one for caching
functions and static methods, and one for caching object-
based method calls. These caches are similar to a generic
caching strategy described by Lohmann, Blaschke, and Spin-
czyk [8], although they focus on using C++ template meta-

10 execution("y, SquareArea(...)");

11| };

programming with AspectC++, and demonstrate capabil-
ities such as handling an arbitrary number of function or
method parameters.

Example code for caching a function or static method
based on its first argument is shown in Appendix A, as the
AbstractFunctionCache. The second cache is structured
like the AbstractFunctionCache, but the cache key is the
object on which the method is called rather than the first
parameter. This changes the static map definition:

static std::map <
typename JoinPoint::Targetx,
typename JoinPoint::Result >
theResults;

Retrieving the target is done dynamically with tjp->target ().

Both aspects declare a virtual pointcut so that use only
requires creating a concrete aspect that defines the pointcut,
as shown below. Because the cache creates a static map
inside the around advice, a concrete aspect like MethodObj-
Caching (see below) whose pointcut matches multiple join
points will have separate caches for each one.

aspect MethodObjCaching :
public AbstractMethodCache {
pointcut ExecAroundMethod() =
execution("} Circle::getArea(...)")
|| execution("¥, Donut::getArea(...)");
3
aspect SquareCache :
public AbstractFunctionCache {
pointcut ExecAroundArgToResult()
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2.4.2 TrackingCache

In order to measure the effectiveness of the caching con-
cern, we add hit and miss counts directly to the implemen-
tations above. However, we immediately recognize two con-
straints: we must initialize the Statistics before the first
access, and after all calls to the caching functions are done
the Statistics need to be displayed.

Because a concrete aspect (such as MethodObjCaching)
may match multiple join points, hits and misses should also
be tracked for each join point. We can create a simple C++
struct for representing hits and misses whose constructor
does initialization, and can store the struct for each join
point with JoinPoint: :signature(). We print out the map
after the main function has executed to get the final results.
We show the statistical tracking implementation in Appen-
dix B. This caching aspect defines the Stats struct and
overrides the output operator (<<) so that Stats variables
are easily printed.

The around advice (ExecAroundMethod) has two lines of
cache Statistics code (lines 35 and 40) mixed in with the
caching code, with the Statistics functionality is spread across
two advice bodies. Any changes tracking cache results will
require manually editing these lines, which look like the kind
of tangled code that aspects strive to reduce or eliminate.

2.4.3 Caching with a utility class

Since cache hit and miss statistics are linked to cache be-
havior, next we modify the aspect to use a utility class,



which we can extend via inheritance to add tracking in-
formation. This provides an aspect implementation that
enables easily plugging or unplugging the cache tracking
(hit/miss) functionality.

First, we define the helper class, which is a templatize
cache class that can handle arbitrary key and value types.
Source code is shown in Appendix C. Next, we modify the

aspects (parameter based and object-based) to use AspectCache.

The caching aspect that uses the class can simply instantiate
it and call get and set rather than directly manipulating the
cache data. A caching aspect for storing parameter/return
value pairs is shown in Appendix D.

Note that the AspectCache class cannot be accessed in the
after advice associated with main. Because of C++ scop-
ing rules, the AspectCache variable (theResults) is only
accessible in the around advice for the cached function. It is
needed there for two reasons. First, we need it to be a static
object inside the around advice so that it is created once
for each join point, allowing this aspect to have a pointcut
that matches many join points and yet have each join point
be separately cached. Second, the cache is instantiated with
static type information available only inside the join point
(JoinPoint: :Arg<0>: :Type and JoinPoint: :Result).

We rely on the destructor for the static class when extend-
ing the AspectCache via inheritance to create the Counting-
AspectCache, which we show in Appendix E.

The CountingAspectCache can be directly substituted in
the aspect, or we can have an aspect associated with each
class (AspectCache and CountingAspectCache) and then
create a concrete aspect based on whether or not we want
tracking. Since the CountingAspectCache may be associ-
ated with one of many join points, we pass in the join point
signature to the constructor so that it will be accessible (at
the end of execution) in the destructor (lines 11-17), which
prints out join point names and cache statistics.

The CountingAspectCache inherits concrete methods from
AspectCache. While reuses code, it could lead to problems
if the AspectCache is modified without regard to how that
might impact the CountingAspectCache. In fact, the rela-
tionship between the CountingAspectCache and AspectCache
is analogous to the relationship between CountingBag and
Bag in the example code for the fragile base class prob-
lem [11]. An alternative that avoids this would be an ab-
stract caching class that only defines pure virtual methods
(which forms an interface class in C++4), from which both
AspectCache and CountingAspectCache could be derived
and which could be implemented separately.

Since we are providing caching as part of an aspect li-
brary for framework-based applications, the best approach
seems to be to let users directly access both cache aspects.
During development and testing, cache Statistics could be
tracked to determine the value of caching a particular func-
tion. Before production release, the application developer
would switch to the regular (non-counting) cache to reduce
cache overhead. For aspect library stability, implementing
the cache classes based on a C++ interface base class would
be preferred.

2.4.4 Object Identity

Many of the functions cached are based on calculating a
value for a parameter that is an object (e.g., pointer to an
electrical net, pointer to a transistor). Object identity and
aliasing introduce additional complexity to caching. Using

pointers is efficient with a map. However, multiple refer-
ences to the same object result in each one being added to
the cache rather than reusing the calculated value, as shown
by lines 32, 38 and 39 of example in Appendix F.

Hewlett-Packard’s framework, like other VLSI CAD frame-
works, reads in a persistent store such as a netlist and builds
an in-memory model in which pointers are usually unique
and are associated with circuit components. However, in
general we need to be careful for cases where we can have
different memory references to the same object.

There may also be distinct objects that are equivalent in
some respect. In an electrical design, there may be many
instances of the same circuit component. In the example
in Appendix F, square structs s1 and s3 (on lines 24 and
28) have the same coordinates. Depending on the cost to
compare objects versus the cost of computing some func-
tion, we may want to cache properties of objects and avoid
recomputation when we have seen an alias to an object or
an equivalent object.

2.5 Impacts on the ErcChecker

Originally, developers manually implemented caching for
some functions of a large application to improve perfor-
mance. The implementation did not use aspects, and re-
sulted in similar code being scattered in many functions.
Implementing caching as an aspect improves modularity and
results in the removal of duplicated cache code from 27 lo-
cations. By using a helper class and inheritance, applica-
tion developers can easily switch between a fast cache and
a slightly slower one that measures the benefit of the cache.
We did not find a noticeable performance penalty when run-
ning the refactored ErcChecker. Benchmark testing of the
aspects' found that the aspect implementation was only 15
seconds slower than the direct implementation (even with
gathering hit and miss data) for a loop of 9 million method
calls.

Aspects, like application code, must be maintained. Using
inheritance and abstract interface classes when implement-
ing aspects improves cache pluggability, allows the aspect
to be reused in many contexts, and that limits the change
impact if the aspect or utility classes change. When design-
ing caching as an aspect, subtle language features such as
aliasing and domain knowledge about object equivalence are
important to consider since they affect cache and application
performance.

3. RUN-TIME USER CONFIGURATION
3.1 Motivation

A second type of extra—functional aspect we consider is
run-time user configuration of the ErcChecker. ERC sys-
tems automate a number of electrical circuit checks. Exam-
ple checks include checking for proper transistor ratios be-
tween the pull-up and pull-down transistors of an inverter,
checking for fan-out limits, or checking for drive strength
problems [12]. An ERC checking tool typically performs
many types of checks on a circuit, reporting violations to
the user.

The ErcChecker implements 58 different electrical checks
as a class hierarchy. Because of the number of queries and

!Performance data are from a 2.4GHz Linux Xeon desktop
system with 3 GB RAM.



the run-time of the tool (often several hours for a circuit),
the ErcChecker allows users to turn any of the checks off
through a user configuration file. Before time-intensive cir-
cuit traversal or electrical query evaluation, each of the 58
types of electrical calls a configuration method to see if the
user has disabled that electrical check. Although this does
affect the functionality of the final run, this functionality is
orthogonal to the primary functionality: the actual electri-
cal rules checking.

3.2 Aspect Identification

In the ErcChecker, each class has a static method, create-
Queries(), that calls ErcQuery: : getQueryConfig before cre-
ating and evaluating query objects to see if the query is
disabled:

1| void InformAlwaysOnPassGate::createQueries
2| (bcmInstance *fet)

3| {

4 // See if this query is turned off

5 if (ErcFet::getQueryConfig

6 ("InformAlwaysOnPassGate")== e0ff)

7 return;

8

Because the ErcFet: :getQueryConfig call to check for run-
time user configuration crosscuts all electrical queries, and
its behavior is always the same (disable running the check
if a user configuration command is found), it is a good can-
didate for an aspect. A query that fails to call ErcFet-
: :getQueryConfig in this manner will function, but cannot
be disabled by configuration commands, which is a system-
wide policy for the ErcChecker.

The original C++ code embedded the literal string for
the electrical check’s name (such as “InformAlwaysOnPass-
Gate”). This was done because C++ lacks reflection, which
otherwise could query the name of the class and method
name. AspectC++4 provides this level of reflection through
thisJoinPoint. In this application, the string literals match
the class name for the method. Without such regularity, it
would be difficult to refactor to an aspect and automatically
calculate the electrical check context.

3.3 Design challenges

The aspect must first extract the electrical query name.
We could simplify the aspect code by modifying ErcFet-
: :getQueryConfig() to accept the join point signature and
parse the string. Doing so would change the functionality of
an existing behavior to depend on the aspect, which would
limit aspect pluggability. In addition, ErcFet: :getQuery-
Config() is an overloaded function that can take additional
arguments (such as an electrical net or transistor) to pro-
vide more fine-tuned user configuration. The fine-grained
calls to ErcFet: :getQueryConfig() with extra parameters
are interspersed throughout the electrical checks and do not
have a regular structure.

3.4 Aspect Implementation

The aspect for this concern uses the join point signature
to get the calling context (void InformAlwaysOnPassGate-
::createQueries (bcmInstance *fet) and calls the same
method as the original code (ErcFet: :getQueryConfig()).

1| aspect QueryConfigAspect {
2 pointcut createQuery() =
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};

advice createQuery()

}

execution("% %%::createQueries(...)");

: around() {

std::string jpName = JoinPoint::signature();

int first_space = jpName.find(’ ’);

int scope_operator = jpName.find("::");

std: :string className=jpName.substr(
first_space+l,
scope_operator-first_space-1);

if (ErcFet: :getQueryConfig(className)==e0ff)

return; //user config exists, SKIP
tjp->proceed();

The aspect above handles the call to ErcFet: :getQuery-
Config() that occurs at the beginning of the static method
createQueries for each ErcQuery class, but does not han-
dle the additional fine-grained user configuration calls men-
tioned in the design challenges section. The fine-grained
calls do not occur in a regular way that can be described
by an AspectC++ pointcut. Instead, they are associated
with loops and conditional statements in the body of the
createQueries method for each class.

3.5 Impacts on the ERC application

Using an aspect for the call to ErcFet: : getQueryConfig()
inside the createQueries() method for each electrical query
class improves the modularity of the code. Since the scat-
tered code is only a single method call, there is not signifi-
cant code reduction, but using an aspect provides an auto-
mated way to enforce the policy that each class check the
code. A query class that does not call ErcFet: :getQuery-
Config() will not provide the desired user configuration.

The policy itself can easily be enabled, modified, or dis-
abled for the ErcChecker. Other VLSI CAD applications
developed at Hewlett-Packard provide similar configuration
options, although the implementation varies by application.
We are investigating how easily this aspect, developed for
the ErcChecker, can be reused by other applications.

4. RELATED WORK

Lohmann, Gal, and Spinczyk [9] demonstrate that C++
template metaprogramming can be used to develop code
with an aspect-oriented style, but without the oblivious-
ness of aspects: everything must be explicitly instantiated
through templates, which need to have the extension points
designed in. Lohmann, Blaschke, and Spinczyk [8] have
shown that aspects in AspectC++ can use templates and
template metaprogramming. Their work on caching influ-
enced our work, but their focus is on using template metapro-
gramming to create a single aspect that can cache a function
with an arbitrary number of parameters, while our focus is
on the implementation trade-offs that occur in making any
cache pluggable and reusable.

Lohmann et al. [10] use AspectC++ to modularize extra-
functional (also called non-functional) aspects. They focus
on emergent properties that result from architectural prop-
erties, while we focused on explicit non-functional aspects.
They also observe that while non-functional aspects are fea-
sible, the implementation can contain challenges and subtle
details that require in-depth analysis of their viability.

Duclos, Estublier, and Morat [3] consider mixing component-
based design with aspect-oriented programming, which is



similar to our goal of using aspects with existing frame-
works. Their approach, rather than extending frameworks
with a single aspect language, proposes providing two lan-
guages so that component development and component use
with aspects are done separately.

5. CONCLUSIONS AND FUTURE WORK

Aspects are effective for modularizing non-functional cross-
cutting concerns. We explored two types of non-functional
concerns: caching and user run-time configuration. Although
aspects were well suited for both, we identified specific issues
that should be considered when using aspects:

e Non-functional aspects should be designed (where ap-
propriate) to monitor their own usefulness.

e Non-functional aspects should make use of stand-alone
classes, aspect inheritance, interfaces, and other fea-
tures that promote ease of maintenance of aspects.

e Subtle implementation issues such as object identity
and object equivalence can complicate seemingly sim-
ple aspects.

e When refactoring to use an aspect, obtaining the con-
text (such as the query name in the user configura-
tion aspect) may be different in the aspect code than
the equivalent functionality in the (original) base code.
For example, the original base code might not have a
regular naming structure that facilitates using point-
cuts.

e A non-functional aspect may only be able to be par-
tially factored to an aspect, as our QueryConfigAspect
demonstrated.

These issues should not discourage the use of aspects, but
can provide guidance and insight as aspect-based refactoring
and design is performed.

The aspects improve pluggability of the non-functional
features. The caching aspect is generic enough to be reused
in multiple applications. The run-time configuration aspect
modularizes a feature that is used in other VLSI CAD ap-
plications, although its current implementation may be too
closely tied to how run-time configuration is done in the
ErcChecker.

We continue to identify aspects for refactoring the Erc-
Checker. This work may yield additional insights into de-
sign considerations, and may identify more aspects. We are
also interested in seeing if the fine-grained calls to ErcFet-
: :getQueryConfig() described in Section 3.3 can be refac-
tored to one or more additional aspects.
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APPENDIX
A. ABSTRACT FUNCTION CACHE
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%#tinclude <map>
aspect AbstractFunctionCache {
pointcut virtual ExecAroundArgToResult() = 0;
advice ExecAroundArgToResult() : around()
{
JoinPoint: :Result *result_ptr = NULL;
static std::map <
typename JoinPoint::Arg<0>::Type,
typename JoinPoint::Result > theResults;
JoinPoint: :Arg<0>::Type *arg_ptr =
(JoinPoint: :Arg<0>::Type*) tjp->arg(0);
JoinPoint: :Arg<0>::Type arg = *arg_ptr;
if ( theResults.count( arg ) ) {
//already have the answer, return it
result_ptr = tjp->result();
xresult_ptr = theResults [ arg ];
} else {
//proceed and store the answer
tjp->proceed() ;
result_ptr = tjp->result();
theResults [ arg ] = *result_ptr;
}
}
};

B. TRACKING CACHE
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struct Stats {
int hits, misses;
Stats() : hits(0),misses(0) {}
};
std::ostream& operator <<(std::ostream& os,
const Stats& stats) {
os << "(Stats hits: " << stats.hits
<< " misses: " << stats.misses << ")";
return os;
}
aspect AbstractTrackingMethodCache {
pointcut virtual ExecAroundMethod() = 0;
std::map<std::string, Stats> theStats;

advice execution(", main(...)") : after()
{
std::map<std::string,Stats>::iterator iter;
for(iter = theStats.begin();
iter != theStats.end(); ++iter) {
std::string jpName = (*iter).first;
Stats jpStats = (xiter).second;
std::cerr << " JP: " << jpName
<< " "<< jpStats << std::endl;
}
}
advice ExecAroundMethod() : around()
{

JoinPoint: :Result *result_ptr = NULL;
static std::map<typename JoinPoint::Target*,
typename JoinPoint::Result > theResults;
JoinPoint::Target *target = tjp->target();
if ( theResults.count( target ) ) {
//cache already had answer, return it

33
34
35
36
37
38
39
40
41
42
43

result_ptr = tjp->result();
*result_ptr = theResults [ target ];
theStats[JoinPoint: :signature()] .hits++;

} else { //not in cache, proceed and store
tjp->proceed();
result_ptr = tjp->result();
theResults [ target ] = *result_ptr;
theStats[JoinPoint: :signature()] .misses++;

¥
};

C.

CACHE CLASS FOR CACHING ASPECT

-
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template < typename Key, typename Value>
class AspectCache {

protected:
std::map< Key, Value> theData;
public:
AspectCache() {}
virtual ~AspectCache() {} //important for 00
virtual bool has(Key& k)
{ return (theData.count(k)>0); }

virtual void add(Key& k, Value& val)

{ theDatal k ] = val; }

virtual Value& get(Key& k) {
assert( has(k) ); //ensure we have it
return theDatalk];

15 }

16| };

D. CACHINGASPECT THAT USES CACHE
CLASS - PARAMETER VERSION

1| aspect AbstractFunctionCache {

2 pointcut virtual ExecAroundArgToResult() = 0;

3 advice ExecAroundArgToResult() : around()

1 {

5 JoinPoint: :Result *result_ptr = NULL;

6 static AC::AspectCache <

7 typename JoinPoint::Arg<0>::Type,

8 typename JoinPoint::Result > theResults;

9 JoinPoint: :Arg<0>::Type *arg_ptr =

10 (JoinPoint: :Arg<0>::Type*) tjp->arg(0);

11 JoinPoint: :Arg<0>::Type arg = *arg_ptr;

12 if ( theResults.has( arg ) ) {

13 result_ptr = tjp->result();

14 xresult_ptr = theResults.get( arg );

15 } else {

16 tjp->proceed();

17 result_ptr = tjp->result();

18 theResults.add( arg, *result_ptr );

19 }

20 }

21| };

E. COUNTING ASPECT CACHE

1| template < typename Key, typename Value>

2| class CountingAspectCache

3| public AspectCache <Key,Value> {




4| protected:

5 int hits, misses;

6 std::string joinPointName;

7| public:

8 CountingAspectCache(std: :string jpName)

9 AspectCache<Key,Value>()

10 {hits=misses=0; joinPointName = jpName;}
11 “CountingAspectCache() {

12 std::cerr << "Deleting CountingAspectCache,
13 << " jp=" << joinPointName

14 << " hits=" << hits

15 << " misses =" << misses

16 << std::endl;

17 }

18 void add(Key& k, Value& val) {

19 misses ++;

20 AspectCache<Key,Value>::add(k,val); 1}
21 Value& get(Key& k) {

22 hits++;

23 return AspectCache<Key,Value>::get(k); }
24| };

F. OBJECT IDENTITY EXAMPLE

/* Simple C-style struct, and a

function that calculates its area */
struct Square {

int x1,y1,x2,y2;
};
void InitSquare(Square* s, int x1,int yi,
int x2, int y2) {
s->x1 = x1; s->yl = yi;
s->x2 = x2; s->y2 = y2;
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}

int AreaOfSquare(Square *s) {
int w = s->x1 - s->x2;

13 int 1 = s->yl - s->y2;

=
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14 int area = wxl;

15 if (area<0)

16 area = -area;

17 return area;

18 }

19| int main() {

20 Square *sl1,*s2,*s3,%*s4;

21 Square sb5;

22 s1 = (Squarex*) malloc(sizeof (Square));
23 InitSquare( s1, 0,0, 2,2);

24 s2 = (Squarex*) malloc(sizeof (Square));
25 InitSquare( s2, 3,3, 4,4);

26 s3 = (Squarex*) malloc(sizeof (Square));

27 InitSquare( s3, 0,0, 2,2);
28 /*s3 and sl have the SAME contents but

29 are different memory objects */

30 InitSquare( &s5, 4,4, 7,7);

31 s4 = &s5; /* s4 is a pointer to s5 */

32 /* consider a sequence of calls that call
33 AreaOfSquare while cached by an aspect*/
34 int y = AreaOfSquare(sl);

35 y = AreaOfSquare(s2);

36 y = Area0fSquare(s3);

37 y = AreaOfSquare(s4);

38 y = AreaOfSquare(&s5);

39}




