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5. Evaluation 

To evaluate the effectiveness of FindLeaks, we have conducted a few experiments on some 

open source Java programs recently. This section reports the results of three case studies: the 

first program has been openly reported to have memory leaks in its earlier versions, the 

second one has been suspected to have leaks, yet the third one, as far as we know, has not 

been found to have leaks. In all cases, we have successfully found the loitering objects and 

located the code fragment which created the references that should have been dropped after 

their intended uses. The rest of this section presents the details of our experiment, including 

how we use FindLeaks to locate memory leaks, the overhead incurred and how to lower the 

overhead. The supporting tools we used are AspectJ 1.5.3 and JDK version 6. 

5.1. Locating Memory Leaks 

Our experiment with FindLeaks consists of two rounds. The first round focuses on locating 

memory leaks, and the second round on FindLeaks’ space overhead and ways to lower it. We 

begin our presentation with the approach and results of the first round.  

A distinguished feature of FindLeaks is providing a rich set of statistics about object 

construction and object destruction for identifying the classes of loitering objects. For the user, 

the question is then how to run a target program with FindLeaks to effectively generate such a 

set of object statistics, especially when the user is not familiar with the internal details of the 

program. This in turn involves two specific questions: first, how to choose which packages of 
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the program to weave in the profiling aspect of FindLeaks; second, how to run the woven 

program systematically and effectively to generate the required set of object statistics.  

Here we take a simple yet effective approach. First, start the weaving process from the 

packages in the main jar file of the program. Second, examine the operations of the program 

and focus on those pairs of operations whose application-level semantics should consume and 

release the same block of memory, respectively, such as opening and closing the same file. 

The rest of steps are fairly straightforward. Launch the woven program, perform a pair of such 

operations for several times, and take a snapshot by forcing a full garbage collection. After 

few snapshots, the object view should provide us with specific clues if there are leaked 

objects. The idea is quite obvious. If there are objects whose memory volumes are increasing 

in consecutive snapshots obtained from the above steps, then it is clear that those objects are 

loitering objects. Note that object caching will not affect our results because once the objects 

are cached their memory volume should remain stable.  

5.1.1. The first case: AgroUML 

AgroUML is an open source UML modeling design tool written in Java [1]. In its earlier 

versions before version 0.15, AgroUML was found that the number of Project objects will 

keep growing if the user keeps creating new projects. The problem is a typical instance of 

unintended object retention: four unwanted references to the project object were reported [2]. 

Based on the bug report, we easily re-produced the problem and identified the loitering 

Project objects in AgroUML (version 0.14) after consecutively creating a new project for 

several times. Moreover, from the reference view of the Project class, we can see the source 

locations of the four unwanted references reported before (Cf. the reference view in Figure 3). 
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5.1.2. The second case: Azureus 

Azureus is an open-source file sharing client for the BitTorrent P2P network [3]. Recently, a 

user of Azureus reported a scenario of using the File tab and Info tab that appears to create 

some memory leaks (dated January 8, 2007). Based on the report, we downloaded that 

specific version of Azureus and tried it with FindLeaks using the steps described above. 

Immediately, we found from the object view that the class of GeneralView objects continued 

to proliferate in consecutive snapshots. Clearly this class of objects is loitering and thus 

causes the memory leak. 

Then we looked at the reference view and found nothing. Yet the method view of 

FindLeaks provides two specific clues of what may go wrong. First, the GeneralView 

objects were added to an Arraylist object at line 448 of ManagerView.java, but 

never removed. Second, the GeneralView objects were passed to some event listener at 

line 167 of GeneralView.java , but never removed. We looked at the source code of 

Azureus and confirmed them. Therefore, we posted our findings to the sourceforge website of 

Azureus on July 12, 2007. Afterwards, on August 15, the developer of Azureus announced 

that they had fixed the reported memory leak. 

5.1.3. The third case: RSSOwl 

RSSOwl is a RSS/RDF/Atom Newsreader written in Java using the fast graphic library SWT 

of the Eclipse project [16]. We downloaded its recent and stable release, version 1.2.3, dated 

Nov. 26, 2006, and explored its memory usage using FindLeaks. After weaving the profiling 

aspect into the main package, net.sourceforge.rssowl, we followed the approach 

described above to run the woven version repetitively using a pair of complementary 



32 

 

operations. In particular, we opened a specific RSS source and then closed it immediately. 

After a few snapshots, we noticed from the object view that there are two classes of objects 

whose maximum memory volumes exhibit positive trends in most of the snapshots, namely 

class Table and class TableColumn of the SWT package used by RSSOwl. Besides, the 

line charts of these two classes also show an obvious trend of increasing number of live 

objects. Such results strongly indicate these two classes of objects are leaked. 

Next, we turned to the reference views to look for potentially unwanted references which 

hold these objects. There are not any reference records for objects of the two suspected 

classes. However, from their method views, we found that the TableColumn objects had 

been passed out of the rssowl package to the SWT library via the method, 

org.eclipse.swt.widgets.Table.setSortColumn (CF. Fig. 5), and similarly 

for the Table objects via the constructor of the TableColumn class. These clues indicate 

that the unwanted references are very likely created in the SWT library, which is beyond the 

current weaving scope. 

Therefore, in the next run, we switched our focus to the suspected packages in the SWT 

library. Based on the above clues, we traced some classes of RSSOwl and SWT. Although we 

are not familiar with the internal details of RSSOwl and SWT, yet we soon discovered that it 

is very likely that the Table objects are the roots of memory leaks. Specifically, the Table 

objects were set to an array field and were not removed afterwards, and the TableColumn 

objects were retained by the Table objects via the setSortColumn method call, thus 

becoming leaked, too. 

We have filed a bug report about this finding to the RSSOwl web site. In the meantime, 

we also looked into the source code of RSSOwl and attempted to fix the leaks. However, due 
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to a limitation of AspectJ’s field set pointcut, we did not gather sufficient information to fix 

the leak of Table objects with confidence. Indeed, the field set pointcut of AspectJ does not 

include array element assignments, such as ―anArray[i] = tableObj;‖. Hence we lost 

some important information to trace which objects held references to the Table objects. On 

the other hand, we found that it fairly easy to fix the leak of the TableColumn objects by 

adding a call to the setSortColumn method with a null argument in the closeTab 

method of class net.sourceforge.rssowl.controller.NewsTabFolder. 

Finally, we ran the modified version of RSSOwl with FindLeaks again to verify our fix. As 

shown in Fig. 7, before our fix, there are ten TableColumn objects left in a specific 

snapshot, but after our fix, under the same snapshot, there will be no TableColumn objects 

left—all were garbage collected. 

 

 

(a) the object view of the TableColumn class before fixing its leak 

 

(b) the object view of the TableColumn class after fixing its leak 

Fig. 7: Fixing the leak of the TableColumn objects in RSSOwl. 
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5.2. Overhead Results and Improvements 

In the second round of our experiment, we measured the space and time overheads of using 

FindLeaks in various scenarios, and made the effort to lower the incurred overheads. After 

doing some profiling tests and analysis, we identified two major ways to lower the overhead 

that FindLeaks may incur. First, we can divide the process of locating memory leaks into two 

parts: identifying loitering objects and tracing the unwanted references that retain loitering 

objects. The reason for doing this is as follows. In the beginning, we usually do not have a 

clear idea what objects are unintentionally retained and thus may have to weave the profiling 

aspect into a rather large portion of the program. Yet once we have identified the suspected 

class of loitering objects, we can narrow down the scope for tracing the unwanted references 

to some specific packages.  

To support this idea, we enhanced the weaving assistant of FindLeaks to provide the 

option of selecting which pointcuts to use. Specifically, besides choosing which packages to 

weave, the user can choose which of the three groups of pointcuts to configure the profiling 

aspect: (A) all pointcuts, namely the construction pointcut, the reference pointcut, and the 

method pointcut, (B) only the construction pointcut, or (C) the construction pointcut and the 

reference pointcut. When the user is not sure what objects are problematic, he/she can choose 

to use only the construction pointcut, yet select a larger scope of weaving, say all packages in 

the main application. After finding what objects are causing the leaks, he/she can configure 

another profiling aspect by including other kinds of pointcuts working on a smaller set of 

packages to locate the unwanted references. 

The second way to lower overhead is excluding String objects from the types of objects 

monitored by FindLeaks. During our profiling tests, we found that the advices created a lot of 
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String objects to keep join point context information. However, as pointed out by [17], String 

objects usually do not help explain why the leaks occur. Therefore, the weaving assistant 

supports a further option to exclude the String class from the pointcuts of all three kinds of 

advices. The user may choose whether to include String objects in the classes of objects to 

monitor. 

Putting together the above two ways of improvement, we get in total six different 

scenarios for measuring the overhead of FindLeaks. We measured both time and space 

overhead, but the focus is space overhead. In particular, for the time overhead, we measure 

only the part incurred during launching the program for two reasons. First, the other parts of 

time overhead are incurred by executing the advice, and are amortized over the whole process 

of performing the operations of the target program. Such amortized overhead may be 

discernible yet usually not great. Second, as our main problem is memory leaks, time 

overhead should be less a concern than space overhead. 

Table 1 shows the overhead results of running the three target programs with FindLeaks 

in the six scenarios using different packages. We use the convention that the letters A, B, and 

C correspond to the three kinds of pointcuts and the numbers 1 and 2 designates whether the 

String class is included in the test or not. For example, scenario A2 represents the case in 

which all pointcuts are selected and String objects are excluded. In all cases, the packages 

selected are arranged in a hierarchical manner, starting from the top-level package of the main 

application and ending in the specific package that has the root of memory leaks. 
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Table 1: Overhead statistics of FindLeaks 

1. ArgoUML 

Packages Overhead percentage (%) 

 A1 A2 B1 B2  C1 C2 

org.argouml.ui (116) memory 49.67 44.43 22.79 16.44 22.87 20.33 

time 41.84 47.81 23.10 29.88 31.87 30.67 

org.argouml (1329) memory 259.74 208.13 103.37 53.90 89.18 80.16 

time 101.20 88.45 10.35 13.13 31.06 28.30 

2. Azureus 

org.gudy.azureus2.ui.swt.v

iews (556) 

memory 78.68 69.40 28.89 27.95 38.63 36.51 

time 40.12 41.89 22.11 20.63 24.77 26.54 

org.gudy.azureus2.ui.swt 

(1476) 

memory 128.77 113.07 43.50 43.53 60.86 62.96 

time 57.50 56.92 28.90 31.85 30.07 27.58 

org.gudy.azureus2. 

ui (1612) 

memory 139.18 123.85 45.70 45.04 62.99 64.65 

time 40.12 38.06 33.04 33.62 12.10 11.50 

org.gudy.azureus2 (2319) memory 217.80 174.08 64.14 62.00 92.84 88.86 

time 86.12 78.46 36.57 39.83 36.28 35.40 

3. RSSOwl 

net.sourceforge.rssowl.con

troller.panel (58) 

memory 68.02 67.57 58.37 58.37 54.60 53.92 

time 43.62 47.48 44.93 45.55 43.62 43.00 

net.sourceforge.rssowl.con

troller (600) 

memory 367.50 312.29 130.39 130.17 165.84 158.75 

time 105.17 101.97 64.75 68.61 73.74 76.98 

net.sourceforge.rssowl 

(717) 

memory 568.55 374.21 163.88 157.69 249.40 210.63 

time 166.72 160.28 82.72 75.67 87.20 80.14 

      

A glance over the statistics in Table 1 reveals that the space overheads of FindLeaks are 

much greater than the time overheads in all cases. If we look at the scenario of choosing all 

pointcuts and including String objects (A1 column of Table 1), we notice that the memory 

consumption required for running the target program with FindLeaks may range between 6.7 

(RSSOwl, A1) to 1.5 times (ArgoUML, A1) of that require for running it without any aspect 
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instrumentation. However, if we exclude String objects from consideration (A2 column), the 

space overheads drop significantly for all three programs, especially when the package to 

weave is the top-level one. In particular, in the case of RSSOwl, the space overhead is 

lowered from 568.55% to 374.21%. 

Moreover, if we take the two-staged approach, the space overheads will become much 

lower. Take the RSSOwl program as an example. In the first stage, we choose the top-level 

package, net.sourceforcge.rssowl, and apply only the construction pointcut. The 

space overheads are 163.88% (B1 column) and 157.69% (B2 column), respectively. Then, in 

the second stage, we can choose the specific package, 

net.sourceforcge.rssowl.controller.panel, in which the loitering objects 

were retained and apply all pointcuts. The space overheads then become 68.02% (A1 column) 

and 67.57% (A2 column), respectively. 


