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1. Introduction then invoke a “quick fix” to fix the violation by one of two
means depending on the type of warning. (see section 2.2)

In previous work [2] we investigated the concern of
tagging entities of various intermediate representatains 2.1. Heuristics
the Soot [9] bytecode analysis and optimization framework
with meta-data. The study uncovered a problem with the In the following we describe the four heuristics in detail.
way such meta-data tags are currently being copied. TheEach heuristic is implemented as a visitor that walks the
latest implementation of Soot copies tags by manual methodabstract syntax tree of each compilation unit in the change
calls to Host . addAl | TagsOf (Host) . This necessarily  set of an incremental (or full) compilation in Eclipse.
leads to an inconsistent implementation over time, as calls
to this method might be forgotten. Indeed, in [2] we pointed ~gnsistent class annotation
out places in the code where such calls were added years a
ter the surrounding code was written, indicating thataate  prqyide the functionality of cloning objects of that class.
error was found caused by tags not being copied. Consequently, this class should implementtheneabl e

We also suggested that automatic copying of tags couldmarker interface. On the other hand, any class that imple-
alleviate the problem of inconsistency. Such automatic mentsa oneabl e should provide a non-defaultimplemen-
copying can be implemented by providing consistentimple- tation ofcl one() at least in one of its super classes.
mentations of thel one() method on all types which can Hence, this checker issues a warning whenever a class
be tagged. (All such types implement tHest interface.) (4 js concrete (not abstract), implemestneabl e but
Unfortunately, it turned out that almost all of the current only inherits thecl one() implementation ofobj ect , or
implementations ofl one() are flawed: Instead of calling (b) it declaresc! one() itself but does not implement the
super. cl one() they call a copy constructor. Thisleadsto  gneabl e interface.
tags not being copied. Furthermore, it leads to the fact that
anybody sub classing ampst will lose that sub class in-
stance, when callingl one() . This may seriously impede
future extensibility of the Soot framework.

In Java, a class that imple-
fentscl one() most certainly does so because it wants to

The warning message given reflects the type of problem
detected. The available quick fix resolutions are (a) gen-
erating an implementation afl one() or (b) making the
declaring type implement th@ oneabl e interface.

2. Solution Returning null  During our initial investigation, we found
that frequently implementations afl one() actually re-

We propose a generic solution consisting of two compo- turn nul I because cloning of those types is not actually
nents. Firstly, we expose a set of four heuristic checkatts th Supported.  As is known from Software Engineering re-
intend to warn a user whenever cloning in a particular Javasearch, returningul | can lead to null-pointer exceptions
class is implemented in a way that might impede software occurring far from the original error location. Causes
evolution. The heuristics have been implemented as an ex©f such exceptions are consequently hard to track and
tension to the Eclipse Integrated Development Environmentfix, especially if the contract of the defined method (here
(IDE) L. Whenever a heuristic finds a violation of its rule, it Obj ect. cl one()) implies that a non-null pointer be re-

attaches a warning to the resource in question. The user caftrned. .
Hence, this checker looks for occurrences of the state-

LEclipse projecht t p: / / www. ecl i pse. or g/ mentr et urn nul | ; inthe body of eachl one() method.




If an occurrence is found, we actually issue a warn- is not an easy task at all and hence we wish to discuss it in
ing message. The associated quick fix allows to gener-more detail. (Note that our implementation allows to gener-
ate a correct implementation ef one(). The warning atecl one() methods also with no warning being present,

suggests that the method, by contract, can also throw asimply by a menu item in the context menu of an arbitrary

Cl oneNot Suppor t edExcept i on. No quick fix for gen- source type.)

erating such an implementation is provided at this time.

Generation of cl one() When designing the user inter-
Not calling the super class As mentioned in the in-  face for the generation of thel one() method, we fol-
troduction, Soot suffers from the problem of not calling |owed a Iot the currently existing support for generating
super. cl one() in order to construct the actual clone ob- hashCode() andequal s(..) methods within Eclipse be-
ject. Instead it relies on the correctimplementation offleop  cause both methods share quite some concepts. In particu-
constructors. This causes multiple problems. (1) Copy con-ay, a1l three implementations depend on the availablesype
structors have to be created and maintained. (2) A copyof fields and have to call the super class in order to com-
constructor has to be implemented on a classen ifC  nte their final result. Also, the available implementation
does not add any fields to its super class. (3) If a otaiss for hashCode() andequal s(..) provided best practises
sub classed by a classands callssuper . cl one(), anin- for proper integration with the Eclipse IDE.
stance ofCis returned, which can lead to all sorts of errors Compared to generatirgashCode() or equal s(. .)

and violates the contract of one() . methods, a complete solution to the problem of generat-

Hence, the checker searches the body of eadne() ing acl one() method is hard. The problem is that not

method for calls tasuper . cl one(). If none is found, a every class implements the one() method, while for
warning is isgued. The as;ociated quick fix allows to gener-pashcode() andequal s(. . ) this is always the case. Be-
ate a correctimplementation of one() . cause of this fact, one cannot always assumecthate( )
can be called on any type of instance field. Also, there might

Use of Java 5 co-variant return types From Java 5 on-  be different kinds of clones desirable. Some applications
wards, methods can have co-variant return types. For themight require a shallow copy where only field references
particular example of the methadlone() , it meansthatit  are copied, others might require deep copies where the en-
can return subtypes @bj ect and in particular, if defined tire contents of all instance fields are copied (recursively
in a classC, it should use return type to avoid casting on At the latest when it comes to deep copies, a general so-
the client-side. lution is virtually impossible. Creating a deep copy in gen-

Hence, to Java 5-enabled projects, we apply a checkereral requires that all field types and all field types of those
that flags implementations of one() which have areturn  types are (again, recursively) cloneable. Furthermote, al
type different from the type of their declaring class. Thgfla those implementations afl one() must consistently cre-
we create is of type “info” instead of “warning” because this ate deep copies. Virtually all collection classes of theaJav
conversion does not really change the behaviour of the pro-runtime library violate this second property; when calling
gram, just its style. The associated quick fix allows to gen- c| one() , they create shallow copies. Other classes in the
erate an implementation of one() with co-variantreturn  runtime library are not cloneable at all, lik& ri ng or

type. StringBuf fer. A general solution would hence have to
generate specialized code for cloning collections andger u
2.2. Quick fixes ing copy constructors for non-cloneable classes (on a case-

by-case basis). A series of articles by Kreft and Langer

As mentioned above, each of the four heuristics pro- [4, 5, 6] (German) give a very detailed assessment of those
vides a set of “quick fixes” to quickly fix the detected problems and possible solution strategies. As they show, a
problem at hand. In the current implementation we pro- general solution even has to make use of reflection in certain
vide two different fixes. One makes a class implement situations.
thed oneabl e interface, while the other one generates an  For the scope of this work, we decided for an easier strat-
implementation of thecl one() method. Generally, one egy which solves most of the problem but might still leave
could think of further fixes, like making@ one() method some manual work to the programmer for exceptional cases.
throw a Cl oneNot Support edExcepti on instead of re-  When opting to generate a clone method, our extension
turningnul | but we found that those solutions can easily presents the user the dialog shown in Figure 1. On the top
be coded by hand and also that the problems they solve ddhe user can select fields which should be deeply copied. We
not actually occur that often. allow the creation of deep copies of instance-fields which

While the quick fix for adding th€l oneabl e interface are of a reference type (the notion of deep copies makes no
is straightforward, generation of a correttone() method sense for primitive types) that implements ttleoneabl e



3.1. Results of applying the heuristics

i = Generate clone())
sl S e Altogether, this Soot revision contained 240 non-abstract
All other fields wil be copied by reference, declarations ofcl one() methods which we had to to
b | selectall | deal with. Out of those, the heuristic for not calling
[ peselect all | the super class reported 237 implementations not calling
e e super. cl one() . The heuristic for consistent class anno-
@ Use 'Foc' as retumn type instead of ‘0bjact!, tation reported that almost all of those types implementing
M Soften exception so that clients do not have to catch it cl One() did not implement the&l oneabl e interface. In
e 14 other cases, the interface was implemented but not the
cl one() method. None of the implementations returned
ok [ cancel nul | . All implementations usedbj ect as return type

which was consistently reported by our heuristic for sug-
gesting co-variant return types. This is because the Soot
developers have just currently started to convert Soot to a

Figure 1. Options dialog for code generation
Java 5 code base.

interface ? 3.2. Effectiveness of code generation
Furthermore, the dialog exposes options for automat-
ically generating method comments (as defined in the  \ye manually investigated all of the generated warnings
Eclipse preferences or project properties), using the €o-anq ysed the quick fix feature provided by our tool to find a
variant return type (shown in Java 5-enabled projects yeiter implementation that would eliminate the warning but
only) and softening thel oneNot Suppor t edExcept i on not change the behaviour of the program (at least in com-
thrown when callingsuper . clone(). Through soft-  pination with other changes of the same kind). The largest
ening, clients of this class do not have to caich ohangescould be made in the packages that resemble nodes
this exception again and again. ~ Using SOftening o apsiract syntax trees for the various intermediate repre
Gl oneNot Suppor t edExcept i on is common and good  genations in Soot. Formerly, each single node class would
practise if used at places where itis known'to'be safe andimplementcl one() by calling a constructor and cloning
can for example be found in many places inside the Javaye arguments recursively. This requires an implementatio
runtime library, e.g. the class nkedLi st of cl one() on every single node type. Interestingly, after

try { generating a few standard implementationslofne() far
clone = (LinkedList<E>) super.clone(); up in the hierarchy, it turned out that most of the implemen-
} catch (C oneNot SupportedException e) { tations ofcl one() in sub classes could be eliminated. This
} throw new Internal Error(); can always be done when a sub class declares no instance
fields.

The option to (not) soften exceptionsis shown only ifthe ~ Altogether, we were able to remove 179 methods that
super type declares this exception in its interface. Ingase Way. Another 37 methods could be replaced by standard
whered oneNot Suppor t edExcept i on is not declared, it implementations we generated with the tool. Those were
has to be softened in order to adhere to this interface. Con- all either cases wherecd one() method was necessary be-
sequently, in such situations, the option on the dialog-s re cause the type did declare instance fields or because the su-

placed by an appropriate hint that softening will be forced Per type of the type wasbj ect , whosecl one() method
if necessary. has only protected visibility. In those cases, an implemen-

tation of cl one() can be used to expose the method to
clients. In another 16 cases, we had to replace methods by
non-standard implementations. In order to do so, we first
generated a default implementation using our tool and then
In order to validate the feasibility of our approach, first mqgified it to our needs. Most modifications boiled down

we applied the four heuristics to the entire Soot code base; possible null-pointer checks (e.g. for linked lists) eeg
(as of revision 2665). Then, based on the warning markers,copying of arrays or collections.

3. Validation

we refactored Soot to implement cloning consistently,@sin |5 gne case, an abstract class for constants, we return

the code generation features explained above. t hi s fromcl one(), although it violates the contract. This
2Note that here we assume that the field type actually createea IS D€Cause constants are immutable' by definition and hence

copy whencl one() is called. This behaviour is not validated. need not to be cloned, hence saving memory. In three



cases, thel one() method had to be added to interfaces 5. Conclusion
so that it could be called on types implementing that inter-
face. We were happy to see that only few such additions  as we showed in this work, quite simple heuristics can
had to be made. This was the fact because almost all typeg,e yse to find flaws in the implementation of cloning in Java.
in Soot implement some relatively generic interface, such Moreover, we were able to provide an Eclipse plug-in that
asVal ue. In another eleven cases, abstract definitions of generates a default implementation tdrone() methods
cl one() were replaced by concrete, generated implemen-yhich was useful in almost all cases we investigated. Im-
tations. This is because those methods had to be called b¥)lementing cloning using code generated that way allowed
sub classes viauper. cl one() and Java does not type- s to safely eliminate more than 50% ofalllone() meth-
check such calls to abstract methods. ods, significantly alleviating the problem of code mainte-
In order to complete the implementation of cloning, we nance for Soot. All convertedl one() methods use co-
had to add another 26 standard and two non-standard imp|evariant return types. We recommend the use of co-variant
mentations. In seven cases, we refined the return types ofeturn types, as in one case this even revealed a bug: One
existing (correct, partially abstract) methods to the tgpe  of thecl one() methods we converted was previously not
the declaring method. Eleven times we had to keep imple-even returning an object of the right type.
mentations otl one() as they were, because they did ad-  For future we plan to look into extending the code gener-
ditional crucial work. In particular this is the case forﬂﬂj ation to be able to deal with deep Copies of the Java collec-
representing method bodies in Soot. When cloning bodies tijon classes and arrays. Our study revealed that such cases
one has to clone everything but local variables which then probab|y occur less often than one m|ght think, however au-
have to be cloned separately and patched up in a secong¢pmated support might be useful for certain applications.
step. In all those cases, we marked the respective meth- Despite the fact that our experiment went well and
ods with aSuppr essWar ni ngs annotation. (Currently, our  helped to support our claims, we came to the conclusion
Eclipse plug-in does not yet manage to actually suppress thehat actually real language support for cloning would be

warning but this will be solved in future versions.) very desirable. For example, annotations could be used to
state whether an instance field should be deeply cloned or
4. Related Work not. The actual cloning could then be left entirely to the

virtual machine. The same could hold fequal s() and
hashCode() methods which could be parametrized by the
The work mostly related to ours is the automatic genera- same annotations. We believe that the use of aspect-adiente
tion ofequal s(..) andhashCode() methods in Eclipse.  programming could yield such automation, however, using
As mentioned above, opposed to the case ahe() , gen- current technologies, only by the use of reflection which
erating those methods is possible in a complete mannercomes at a huge runtime cost.
since all types in Java do provide a puldigual s(..) and
hashCode() method.. Also the semantics qf t.hose meth- References
ods is completely defined, while for one() thisis not the
case (e.g. compare the notions of a deep or shallow copy).
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