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Abstract. Invoking APIs is a common way to improve the efficiency of
software development. Developers often discuss various problems encoun-
tered or share the experience of using the API in communities, like Stack
Overflow and GitHub. To avoid the duplicate discussion of issues and
support downstream tasks such as API recommendation and API Min-
ing, it is necessary to recognize APIs mentioned in these communities
and link them to the fully qualified name. This work is often referred to
as the task of API mention recognition and disambiguation in informal
texts, which is the main focus of our paper. We start from Java posts in
Stack Overflow and analyze the proportion of the posts that involve dis-
cussion on API (API Post for short), with short names or fully qualified
names, and the characteristics of API Post. We also extract the APIs
associated with more than 30,000 posts in Stack Overflow, and automat-
ically establish < post, APIs > pairs to construct the dataset JAPD.
Finally, we propose a novel approach JARAD to infer the associated
APIs in a post. In our approach, we first use BiILSTM and CRF to fuse
context information in text and code snippets to obtain a set of associ-
ated API candidates. The candidate API is then scored by the frequency
of the API type appearing in the post to infer API’s fully qualified name.
Our evaluation experiments demonstrate that JARAD achieves 71.58%,
76.84% and 74.12% on Precision, Recall and F1 respectively.

Keywords: Java API - Mention Recognition - API Disambiguation *
Research Analysis - Dataset - Stack Overflow

1 Introduction

Invoking the Application Programming Interface (API) is an effective means for
developers to reuse code. The official API documentation is an effective means to
guide developers to call APIs correctly. However, due to the limited information
and scattered knowledge in the official documentation, developers have to discuss
various problems that they encountered in the process of calling APIs in the
communities, like Stack Overflow and GitHub. They always refer to APIs in
discussions by their simple names and aliases, which makes it more difficult for
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developers to search API-related knowledge in the communities. It not only leads
to knowledge waste but also brings difficulties to some downstream tasks such
as API recommendation [15,16,33] and API Mining [15,16,18,19].

To know exactly which APIs are referred to in the discussion, extensive
research was performed to recognize APIs mentioned in discussions, and infer
APIs’ fully qualified names. In the early days, researchers used rule-based meth-
ods [3,17]. For example, Christoph Treude [3] solved the API mention recognition
task by summarizing regular expression rules after observing a large number of
sentences. Later, some methods based on machine learning [1,2,10,13,14] also
became popular in this field. ARCLIN [2] recognizes API mentions of text frag-
ments in posts based on neural networks, and infers the fully qualified name of
the associated API using the similarity comparison.

However, existing methods for API mention recognition and disambiguation
field still suffer from the following deficiencies: (1) There is no research to analyze
the proportion of developers’ discussions about APIs and what characteristics
exist in these discussions, resulting in a lack of clear understanding of this work;
(2) There is no available, sufficient, and general dataset to support the research.
Researchers have to annotate the dataset manually [2,5], which undoubtedly
brings tedious and repetitive work to researchers; (3) Some existing research
methods have certain limitations: some methods [2,10] only exploit the informa-
tion of the text fragment, ignoring code snippets in the discussion. However the
discussants will also attach relevant codes, which are also an effective basis to
help reason about the exact API. Some methods are only aimed to a few specific
libraries [1,2,5], rather than general-purpose development languages.

To solve the above dilemmas, this paper conducts a series of researches about
the posts in Stack Overflow. First, we filtered out posts not related to Java,
investigated the proportion of API Post (the posts that involve discussions on
API, APT Post for short) in Java posts and with fully qualified names, and
analyzed related features for API Post. Next, we automatically labeled more
than 30,000 entries based on the APIs’ fully qualified names and their links in
the official Java API documentation. We automatically pointed out the fully
qualified names of the APIs involved in the posts establishing < post, APIs >
pairs and constructed a general dataset JAPD (Java API Post Dataset). Finally,
we proposed an approach called JARAD to decompose the task into Java API
Recognition And Disambiguation. We first used Bidirectional Long Short-Term
Memory (BiLSTM) and Conditional Random Fields (CRF) fusing contextual
information to identify API mentions in text and code snippets, and initially
obtained the set of API candidates. We then scored the candidate APIs using
the frequency of the API type in the post and obtain the fully qualified names
of the APIs associated with the post.

To verify the effectiveness of our method, we evaluated JARAD on the pro-
posed JAPD. We tested the effect of two components of JARAD, i.e. API
mention recognition and disambiguation. And JARAD achieved a Precision of
71.58%), Recall of 76.84%, and F1 measure of 74.12%. Overall, the main contri-
butions of this paper are as follows:
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1. To our best knowledge, we are the first to conduct a research analysis on
Java API Post in Stack Overflow. We observe the relevant characteristics of
API Post, which provides a basis to construct the dataset and propose the
JARAD.

2. We provide a usable dataset called JAPD for the field of API mention recog-
nition and disambiguation. We used a text-based approach and labeled 35,825
records automatically. This effectively relieves the pressure on researchers to
label data manually.

3. We propose a novel approach called JARAD to automatically infer the fully
qualified names of Java APIs involved in a post, taking into account both
text and code snippets in the discussion. JARAD performs better on Recall
than the state-of-the-art model ARCLIN based on the Python dataset.

The data related to JARAD is available at link!. The rest of the paper is
organized as follows. The Sect. 2 is the research analysis of this paper. Section 3
presents our dataset for API recognition and disambiguation in Stack overflow
for Java. Section4 and 5 present our approach and results, respectively, and
discuss the strengths and weaknesses of this paper. Section6 introduces the
related work. Finally, we concluded the paper in Sect. 7.

2 Research Analysis

2.1 Research Problem

To study the API recognition and disambiguation tasks of code and text in Stack
Overflow posts more clearly, we conduct research on posts with the following
questions:

1. What is the percentage of API Post out of all Java-related posts?
2. In API Post, what is the percentage of APIs that appear with their full name?
3. What are the key features for associating API in the API Post?

Investigating the first two questions helps us understand the need for research
in this field. The results of the third problem help us propose the better approach
called JARAD to solve API recognition and disambiguation tasks. It should be
noted that we define Java API Post as the post with Java API provided by
the official Java JDK or a third-party dependent package, but not user-defined
method. Furthermore, we define API Fully Qualified Name Post as the post with
API appearing in the form of a fully qualified name.

2.2 Research Observation

The data for the research in this paper comes from the official dataset provided
by Stack Overflow?. The data update time is March 7, 2022 and the total number

! https://anonymous.4open.science/r/JARAD-EDAE.
2 https://archive.org/details /stackexchange.
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of posts reaches 55,513,870. We first observed the tag search results® with ‘Java’
as the search keyword, and took 11 tags as the investigation targets: < java >,
< java — 8 >, < javadoc >, < java — stream >, < java.util.scanner >,
< java —i0 >, < java — time >, < java.util.concurrent >, < java — 2d >, <
javax.imageio >, and < java—threads >. The total number of posts related to
these tags is 1,879,900. Their proportions are shown in the ‘Proportion’ column
of Table 1. It is not practical to check these posts manually. Therefore, we adopt
the statistical sampling [20] and obtained the posts to be investigated. In order to
ensure a certain degree of confidence in the error range of the estimated accuracy,
we set the number of samples to 384 based on previous research experience
[21,22]. However, due to the large proportion of posts with < Java > tags,
we set the sampling quantity, as shown in the ‘Sampling Quantity’ column of
Table 1 to control the number of posts for each tag within a reasonable range.

Table 1. Related data of empirical study.

Tags PostNum | Proportion | Sampling Quantity | API Post Quantity | API Fully Quali-
fied Name Post
java 1830876 | 97.39% 104 63 10
java-8 22108 |1.18% 100 84 11
javadoc 2835 | 0.15% 100 14 4
java-stream 10354 | 0.55% 10 9 0
java.util.scanner 6134 |0.33% 10 10 7
java-io 1696 | 0.09% 10 10 5
java-time 1513 | 0.08% 10 6 2
java.util.concurrent 1328 | 0.07% 10 8 5
java-2d 1071 | 0.06% 10 9 0
javax.imageio 1054 |0.06% 10 10 2
java-threads 931 | 0.05% 10 10 2
Total 1879900 |1 384 233 48

To add credibility to the survey, we used majority voting to answer the
three questions above for each post. Two researchers investigated the posts and
answered the questions above. Their observations are carried out independently
without interfering with each other. They both have more than three years of
Java development experience. If they have different or uncertain answers to a
question, the third researcher who has more than five years of Java development
experience is asked to answer the question.

2.3 Research Result

We use the statistic Cohen’s Kappa to evaluate the results. If Cohen’s Kappa
greater than 0.8, there is firm agreement between the results of the two indi-
viduals. In our research, Cohen’s Kappa of our two researchers achieved 0.91.

3 https://stackoverflow.com/tags.
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Through the investigation of posts by three researchers, we came to the following
conclusions.

API Post Make up 61% of all Java Post. There are 233 API Post of
384 Java Post. The proportion of the API Post tagged with < Java > or <
Javadoc > is the lowest among the 11 tags we selected. The proportion of API
Post tagged with < java — stream >, < java.util.scanner >, < java — io >,
< java—time >, < java.util.concurrent >, < java—2d >, < javax.imageio >,
and < java—threads > achieve 90%. It is not difficult to find that these tags with
high proportion are package names related to the Java development language.
Figure 1 shows two examples of an API Post and a non-API Post. As shown in
Fig. 1(b), it cannot be inferred that the post is discussing the API even if the
class tag ‘japplet’ of Java exists in the post. In other words, the tag can be used
as an enhanced condition for judging whether there is an API mention, but it
cannot be used as a sufficient condition for API Post or to filter API Post.

Forwarding a request from servlet to JSP using|RequestDispatcher|doesn't hide
the target URL

Asked 6 years, 8 months ago  Modified 6 years, 8 months ago  Viewed 613 times

In a nutshell, | have a servlet that forwards a GET request to a JSP, and | would like to "hide" the
target URL from the user.

The Overflow Blog

0 7/ Just laid off? Nervous about possible

My setup is as follows: layoffs? Here's what to do.

1. A servlet, mapped to URL "www.mydomain.com/pages/page1” # The blockehain tech to build in a crypto

winter (Ep. 516)
2. A JSP, at address */WEB-INF/pages/page1.jsp", relative to the application root. The JSP
resides in the WEB-INF directory, in order to not be accessible directly from the browser. Featured on Meta

Upon access from the browser, the servlet pre-processes the incoming GET request, and e e e o
forwards it to the JSP using the following code-snippet: community members

J Navigation and Ul research starting
request. getRequestDispatcherf"/WEB-INF/pages/pagel. jsp"). forward(request, response) soon

& Help needed: a call for volunteer
reviewers for the Staging Ground beta
The desired behaviour is for the browser to maintain the URL test
“www.mydomain.com/pages/page1”, while the user sees the contents of the JSP. 2 2022 Community Moderator Election
Results
Unfortunately, the browser consistently switches to display the JSP's URL:

5 . : & Temporary policy: ChatGPT is banned
‘'www.mydomain. WEB- jsp" (Tested in Chrome and Firefox)

Can anyone tell me, what could be causing this behaviour? Letiienioss
Source: This solution is described in this CodeRanch answer, in which they are successful at 25 Why was my answer deleted for

“hiding" the address to the JSP: com/t/618800/JSPfjava/Url-hiding i b

java jsp serviets forward  requestdispatcher
Related

(a) APT Post*

How To Sign a Jar File for an Applet?

Asked 11 years, 3 months ago Modified 9 years, 2 months ago  Viewed 1k times

Does Singing a Jar File For an Applet use the same process as signing a Jar file for an
application?? If so, can someone tell me how to sign it? | have an Applet that writes to your
3 APPDATA, kinda like Minecraft.

appdata  signed-applet

(b) Not APT Post®

java jar

Fig. 1. Two examples of an API Post and a non-API Post (https://stackoverflow.com/
questions /36255963, https://stackoverflow.com/questions/7191411)
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In API Post, the proportion of APIs Appearing as Full Names is 21%.
The API in the API Fully Qualified Name Post does not necessarily appear
directly in the form of the fully qualified name Package.Class.Method. As long
as the text or code in the discussion can indicate that it belongs to the package
and class of the called API. Similarly, if this condition is not met, the API is
considered to appear in the form of a short name, as shown in Fig.2(b). We
found that among the 233 API posts, the API in 185 API posts appeared in
the form of a short name, accounting for 79%. In other words, the exact APIs
are unknown in 79% of API Post. This is a waste of API knowledge and adds
certain degree of difficulty to the research work of API Mining. It also shows the
necessity for informal text API mention recognition and disambiguation work.

Accessing elements of a vector in spark

Asked 8 years, 6 months ago

Generating Ships

Asked 4 years, 10 months ago  Modified 4 years, 10 months ago  Viewed 57 times

6 months ago  Viewed 2 times

Howto

s the ith element of the vector in Spark.

imported from: Iam trying to create a function that will randomly choose places for computer ships but it can't
place them on the same spot or on another player ships.

for board | have a int[5][5] board where 0 means a place is empty 1is for player ship and 2 s for
computer ship. | wrote this but it keeps freezing and crashing android studio.

b
(final Vector v){ for(int i =0

JavaRDD<String> blockzUsersVector = block2.nap( new Function<Vector,String>(){
public String call(f. e
return| tostring();

¥
hi

And | am getting error:

not find symbol if(board[x]ly] == 1 || boardix]ly] == 2){
ing(); wrong = true

}
)

¢
ype Vector

else
board[x] [y] = 2;

Is there any predefined method in Vector class?? (Expecting help!) wrong = false;

}

¥
he-spark

(a) An example of full name API in (b) An example of short name API in API
API Post® Post”

Fig.2. Two examples of API Post (https://stackoverflow.com/questions/23778787,
https://stackoverflow.com/questions/48596384)

Code Snippets Have a Higher Percentage of API Mentions than Text
Snippets in Posts. Through the observation, we mainly divide the API men-
tions in posts into the following four types as shown in Fig.3: (1) The post
directly discusses the API (shown in Fig. 3(a)). In this case, API mentions may
appear in three places in a post: the title, text in the body, and code in the body.
(2) API is mentioned in the text snippet of the post. The discussion does not
directly mention the API, but will relate the API in other details. (3) There are
API mentions in code snippets of the post, which is similar to the second case.
(4) Other situations that do not belong to the above three, such as API men-
tions in the image. We counted the API mentions of 233 API Post and results
are shown in Table 2. Among the 233 API Post, the proportion of posts directly
discussing API-related issues is 15.38%, the proportion of API mentions in text
snippets is only 17.31%, and the proportion of API mentions in code reaches
66.92%. The probability of an API mention appearing in a picture is extremely
low. It should be noted that the reason why the ‘Total’ in Table 2 is greater than
233 is that some posts have API mentions in both text and code.
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Is it possible to not wait for input when using|Scanner.nextLine()

[duplicate]

Asked 5 years, 6 months ago  Modified 5 years, 6 months ago  Viewed 51times

‘This question already has answers here:

How to read a single char from the console in Java (as the user types )2 (7 answers)

Closed 5 years ago.

| am currently working on a console based Tetris game in Jav.

“The user has to be able to move the Tetrimino (piece) left and right. This s impossible with
KeyEvents because everything is done with only the console.

i user
typed either "Q" for left or "D" for right. Only 1 issue, the program always waits for user
input before it continues to the next line of code.

while(run) {

String novenent = sc.nextLine();

Is there a way so that the

hile loop.

g for input every.
loop?

Edit: ly based
systems.

java inputjava.uiLscanner

(a) Discusses the API directly®

Java GUI Layout Suggestions

Asked 8 years, 9 months ago  Modified 8 years, 9 months ago  Viewed 117 times

For a school assignment | need to have 2 panels.

o

The right needs to be 3x3 with buttons (which | have made black for easy identification when
setting up the GUI) and the left with 1 abel and 4 buttons.

Label should display the name of the current picture (placed randomly on a button in the 3x3
grid), 3 buttons to place images randomly, and one button to clear them off. | don't need help
with the logic, | can do that part.

| am having trouble setting up the panel so it looks somewhat decent, | was thinking of making it
2 1%6 grid but | don't know how to do that. | have spent muftiple hours looking up how to do it as
well as trying out my own stuff (notice the commented out stuff). Any help would be greatly
appreciated.

public class Characters extends JFrane {

private Container pane;

private JButton Buttonl, Button2, Button3, Buttond, Buttons, Buttons;
private JButton Button7, Buttond, Buttond;

private JButton BMally, Boctavious, Blimmy, BClear;

private InageIcon Molly, Octavious, Jimmy;

private JLabel LNane;

public Characters() {

pane = getContentPane
pane.setLayout(new Gridlayout(3, 3));

ew J8utton( (Icon) Button1]

etBackground Color. BLACK)

JoutTonT(Tcom
Button2. setBackground(Color. BLACK)
pane.add (Button2);
Button3 JButton( (Tcon) Button3);
Button3. setBackground(Color.BLACK);
pane.add (Button3);

ittond = new Jautton((Icon) Buttond);
Buttond. setBackground (Color.BLACK);
pane.add (Buttond);
Buttons = new JButton((Tcon) Buttons);
Buttons. setBackground (Color. BLACK);
pane.add (Buttons);

B o N
(c) Code snippets
mention'°

exist API
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How to use Kotlin with Butterknife 10.1.0 on minsdk <24?

Asked 3 years, 7 months ago  Modified 3 years, 7 months ago  Viewed 194 times.

I'am migrating my Android project to AndroidX libraries. Butterknife 10.x has improved support
for it, so i think it is good to use that. My project is made in Kotlin (1.3.30).
Butterknife versions >8 require that you use Java 8 like this:

conpiledptions {

sourceCompat ibility JavaVersion.VERSION_1.8
targetCompat ibility JavaVersion.VERSION_1 8

This works great for minsdk >=24. And for a good part it works with lower versions too. But as
Kotlin compiles to Java 8 some features dont work on minsdk <24. Such as the one that | am
getting the following exception for.

java. lang.NoSuchMethodError: No static method hashCode(J)I in class Ljava/lang/Long

Long.hashCode(is a new api in Java 8, but not supported in older android versions. This

‘question solves the same problem by telling the compiler to use Java 6, but that is unsupported
with butterknife 10.x which i need for Androidx.

I suppose this s quite a common issue, but i have not found a solution for it. How can i solve
this?

android kotin java-B  butterknife

(b) Text snippets exist APT mention®

Decorator pattern java.io.reader

Asked 5 years, Tmonthago  Modified 6 months ago  Vievied 2k tmes

For a school report | have to explain how the java. o.Reader package implements the Decorator
pattein. | have seen multiple explanations for the java.io package (hee for example) but not for
the java.io.Reader package (if that's even any different). Here is what | have now, | know this

design doesn't show it correctly, but | am not sure how the java.Jo.Reader package actually does
implement t.

<<abstract>
Reader

Picture in API Post

BufferedReador

read)
readLine)

UineNumberReader

readined
et inenumber)

(d) Other situations'*

Fig. 3. Examples of API mentions in posts (https://stackoverflow.com/questions/
44072821, https://stackoverflow.com/questions/55689197, https://stackoverflow.com/
questions /21753769, https://stackoverflow.com/questions/46994892)

Table 2. API Mention statistics of API Posts

API Mention

Quantity

Proportion

Ask related question

40

15.38%

Text

45

17.31%

Code

174

66.92%

Other

1

0.39%

Total

260

1.0
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3 Dataset

The lack of available datasets is a non-negligible problem in API mention recog-
nition and disambiguation in informal texts research field, which hinders the
advancement of research in this field to a certain extent. Researches [2,5] in
recent years have to rely on manual labeling to construct the dataset. With mil-
lions of posts, this approach is obviously not realistic. So it is an inevitable trend
to construct the dataset automatically. This paper first obtains fully qualified
names of all APIs and their links according to the official Java JDK documen-
tation?, which is called ANAL (APIs’ fully qualified Names And their Links).
It is unrealistic to study all APIs and some user-defined APIs usually lack gen-
erality and representativeness. We chose the widely used java official API. Then
we filter irrelevant data according to the appearance of ANAL in posts on Stack
Overflow. After cleaning and optimizing the dataset, 35,825 pieces are obtained
and the JAPD (Java API Post Dataset) is constructed. The specific steps to
construct the JAPD are as follows:

1. Get APIs’ fully qualified names and their links. To ensure data
accuracy and increase persuasiveness, we get ANAL and unify the format. We
use the requests and the BeautifulSoup library in Python to parse HTML and get
the ANAL. We convert API fully qualified name to the standard format of Pack-
age.Class.Method (Parameter), such as: java.io.File.equals (java.lang.Object).
The parameter is also expressed in the form of a fully qualified name. We
unify the APT link into the standard format of https://docs.oracle.com/javase/
8/docs/api/Package/Class.html#Method-Parameter-, such as: https://docs.
oracle.com/javase/8/docs/api/java/io/File.html#equals-java.lang.Object-.

2. Filter API Post by the text-matching approach. We filter API Post
from 1,838,095 posts related to 11 tags (see Sect. 2). First, we parse the XML data
provided by Stack Overflow to extract major information including Id, Title,
Body, and Tags. Next, we use the text-matching approach to filter irrelevant
posts according to the ANAL. If there is ANAL for the text snippets(including
Title and text in Body) or code snippets in the post, the matched API will be
regarded as the associated API of the post. Then we get the < post, APIs >
pairs. This approach effectively guarantees the accuracy. When matching the
fully qualified name, we ignore the parameter matching because the form of the
parameter in the post is diverse as shown in Fig. 4(a). Finally, we delete duplicate
pairs, and initially obtained 110,171 < post, APIs > pairs.

4 https://docs.oracle.com/javase/8 /docs/api/.
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Java Array HashCode implementation

Asked 13 years, 8 months ago  Modified 2 years, 2 months ago  Viewed 58k times.

This is odd. A co-worker asked about the implementation of myArray.hashCode() in java. |
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1 would appreciate any help. Following is the exception:

“RMI TCP Connection(8)-10.13.16.6" Id=30 daemon prio=5 RUNNABLE Blocked (cnt):
400; Waited (cnt): 391 CPU nanos: 40859375000; User nanos: 39515625000; Bytes
allocated: Method context: q3i DB
session: 72 % of 1 CPU used by context: 10.185872840911994
(40859375000/401137689800); Bytes allocated by context: 23684723280
at java.util t tVal(C: java:1019) at
il tC t(Ce :1006) at
integrati tialload. at
integrati tialload.
at flect

oaderjava:71)
Method) at

thought | knew but then | ran a few tests. Check the code below. The odd thing | noticed is that sun.reflect. 62) at
56 when I wrote the first sys out the results were different. Note that it's almost like it's reporting a flect.D ke(D
memory address and modifying the class moved the address or something. Just thought | would :43) afjava.lang reflect Method.invoke|Method java:498) at
share. t.method. 165) at
it o
g et 1a50) 2
int[] foo = new int[100000]; ObjectO :1430) at
java.util.Randon rand = new java.util.Random(); Objecto biect0(ObjectO 178) at
for(int a = 0; a < foo.length; a++) foolal = rand.nextInt(); 48) st
sun.rmi.server.Ur tRef. at
int[] bar = new int[100000]; sun.rmi.server.. )
int[] baz = new int[100000]; at sun.rmi.transport Transport$1.run(Transport java:200) at
int[] bax = new int[100000]; p tTransport$™.run(Ti tjava197) at
for(int a = 0; a < foo.length; a++) barlal = bazlal = bax[al = foolal; Method) at
System.out.println(foo.hashCode() + " ———-- " + bar.hashCode() + " ————- " + baz.he 4 L tserviceCall(Tr tjava:196) at
t t.tep.TCPTransport. (TCPTransport.java:573) at
// returns 4097744 ————— 328041 ———— 2083945 ———- 2438296 Ry t.tep.TCP P (TCPTransport java:834)
// Consistently unless you modify the class. Very weird at
// Before adding the comments below it returned this: un i transport.tcp TCPTransp (TCPTransport
// 4177328 ———— 4097744 ————— 328041 ———— 2083945
ava:688) at
i vansprt opTCPTanepo baasasasoassoery
System.out.println(*Equal 77 * + n(Unknown Source) at urity Method) at
(java.util.Arrays.equals(foo, bar) & java.util.Arrays.equals(bar, baz) & un.rmi.t rtAcp T D ler.run(TCP- 687) at
java.util.Arrays.equals(baz, bax) & java.util.Arrays.equals(foo, bax))); java.util.concurrent. u at
i p———— Pt sz a
e o TS v ead v 74)Locked oychroiars
java integer hashcode J util.concurrent.
. . 12
(a) Example of parameter diversity (b) Example of stack error
message

Fig. 4. Two examples of posts (https://stackoverflow.com/questions/744735, https://
stackoverflow.com/questions/59726805)

3. Data optimization. To improve the usability and accuracy of the
dataset, we clean and optimize the dataset. The posts with large error mes-
sage contain the fully qualified names of multiple APIs, but they do not belong
to the API Post associating with 6 APIs as shown in Fig. 4(b). We find that API
java.lang.reflect.Method.invoke and API java.lang.Thread.run will appear
in such posts with high probability. Besides, posts related to no more than
three APIs accounted for 83.05% of all posts. Based on the above observations,
We select the larger proportion and more representative posts, and filter fol-
lowing types of posts to optimize the dataset: (1) the posts related to API
java.lang.reflect.Method.invoke or API java.lang.Thread.run. (2) the posts
related to more than 3 APIs. We unify the APIs in < post, APIs > pairs into
the format of Package.Class.Method. When using APIs’ links for text match-
ing, the purpose of retaining parameters is to ensure data accuracy as much as
possible.

The JAPD: After data acquisition and optimization, we obtained the JAPD
containing 35,825 < post, APIs > pairs, and 34,160 pairs (95.35%) of the posts
with code snippets. The JAPD is associated with 2704 Java APIs. There are
2008 APIs of which simple name are associated with more than one fully qualified
name. In other word, 74% of the data is necessary for disambiguation. To make it
easier for everyone to reuse the JAPD, we also provide the following data: APIs
contained in all packages; the simple names associated with all fully qualified
names.


https://stackoverflow.com/questions/744735
https://stackoverflow.com/questions/59726805
https://stackoverflow.com/questions/59726805

274 Q. Liang et al.

4 Approach

4.1 Overview

To solve API recognition and disambiguation tasks, we propose a novel approach
JARAD to infer the associated APIs in a post. Figure 5 is the architecture of the
JARAD (Java API Recognition And Disambiguation), which mainly includes
the following steps: (1) For each post, we perform data processing and parse out
its text snippets and code snippets. The ‘Title’ of the post is treated as text. (2)
Next, we train API mention recognition models for text and code respectively,
obtain API mentions, and get candidate API set based on the prepared Java API
set. If an API is a post-related API, it should be mentioned in the text snippets,
the code snippets, or both. (3) Finally, we parse the post content again. The
candidate API is scored by the frequency of the API type appearing in the post
to infer APT’s fully qualified name. We perform API disambiguation based on
the scores of candidate APIs. We will detail the two important steps of API
recognition and API disambiguation in the JARAD.

| - filtration - - —
@: Associate APls Candidate APT Score |<—| API Disambiguation
-

Post <Post, APIs> Pair

—>| Text Fragment '—)l API Recognition

Data Preprocessing

API Candidate Set

O

Java APT Set

—)I Code Fragment |—)| API Recognition

Fig. 5. The architecture of JARAD

4.2 API Mention Recognition

API mention recognition is implemented as the sequence labeling task. The
model is shown in Fig. 6. We utilize Bi-directional Long Short-Term Memory
(BiLSTM) and conditional random field (CRF) fusing context information to
annotate API mentions in text and code. We first divide the text and code
snippets into independent tokens, namely {T1,75,7T5,...,T—1,1,}. Tokens in
both text and code snippets are pre-labeled for training. ‘B’ and ‘O’ in the
Fig. 6 represent API mentions and non-API mentions respectively. These tokens
will be parsed forward and reverse by BiLSTM to solve the problem of long
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sentence dependence. To more comprehensively integrate context information,
we obtain the features of each Token, namely {Fy, Fy, F3, ..., F,—1, F,}. As the
output of BiLLSTM layer, these features will be the input of the CRF layer. The
CRF layer learns the constraint relationship of fragments and predicts the label
of each Token through maximum likelihood estimation according to the idea
that “the score of the real path is the highest among all the paths”.

0 B 0 0 0
Fy F, 105 Faa Ey
Wp Wy, Wy, Wy, Wy,
Wi W; Wk W; Ws
T, T, T, T, Tn

1

Token in Text or Code

Fig. 6. API Mention Recognition Model Diagram

4.3 API Disambiguation

Aiming at the task of API disambiguation in informal texts in Stack overflow,
Kien Luong et al. [13] proposed the DATYS+. It disambiguates Java API men-
tions via type scope when given API mentions. DATYS+ takes as input a Stack
Overflow thread, API mentions and Java libraries, and outputs a set of APIs
and their scores. DATYS+ first extracts the API candidate set from the Java
library and API mentions. These candidate APIs are scored according to the
frequency of the candidate API type (class or interface) appearing in different
scopes of the Stack Overflow thread. DATYS+ considers four mention scopes:
(1) Mention Scope, which covers the mention itself; (2) Text Scope, which covers
text content, including mentions; (3) Code Scope, which covers code snippets.
(4) Code Comments Scope, which covers code comments snippets. DATYS+
then rank the APIs based on the scores of the candidate APIs. Finally, the first
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candidate API with a score more than 0 is selected as the associated API in this
thread.

The API disambiguation method in this paper is improved on the basis of
DATYS+. We leverage the frequency of the API type appearing in the above
four mention scopes from API Post to score the API mention candidates set.
However the DATYS+ filters irrelevant APIs through the ‘Tags’ in the post.
That is, when the prefix of a API does not appear in the ‘Tags’, DATYS+ filters
this candidate API. In our empirical study (see Sect. 2.3), we find that the ‘Tags’
of a post can only serve as an enhancement factor for linking APIs, but not a
reason for filtering irrelevant APIs. In other words, the ‘Tags’ in a post can only
enhance the probability that the candidate API is the correct post-related API.
Based on this finding, we delete the step of using ‘Tags’ as the filter condition.
We retain the idea of scoring the set of candidate APIs by the frequency of
candidate APIs in the above four scopes. We finally take the APIs whose scores
are not zero in the candidate set as the associated APIs of the posts.

5 Experiment Result

5.1 Experimental Settings

The experiments were conducted on an Ubuntu 18.04.5 LTS system equipped
with 128GB memory and two Intel(R) Xeon(R) Silver 4210 CPUs. We train
and evaluate the JARAD based on JAPD with 35,825 < post, APIs > pairs.
The JAPD is divided into a training set and a test set at a ratio of 5:1. We
train separate models for text and code in posts on the API mention recognition
task. It is noted that 79% of API Post are not with fully qualified names (see
Sect. 2.3). The step of identifying API mentions (e.g. short names, aliases, etc.)
allows our method to remain effectiveness in such posts.

5.2 Metrics

We use the unified evaluation metrics of sequence labeling tasks to evaluate the
JARAD: Precision, Recall, and F1 measure. Precision represents the proportion
of the correct APIs that the model predicts. Recall measures the number of APIs
correctly inferred in the test set. F1 measure takes both Precision and Recall
into account for evaluation. Their formulas are as follows:

Precisi True Positive (1)
recision =
True Positive + False Positive

Recall True Positive )
ecall =
True Positive + False Negative

- 2 % Precision * Recall

Precision + Recall
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5.3 Experimental Results

We first evaluate the effects of the two main components of the JARAD. Due
to the discrepancy between text and code on Stack Overflow, we train two API
mention recognition models for text and code respectively. We also evaluate the
effectiveness of the API disambiguation method which refers to the ability to
link the correct APT’ fully qualified name given the correct API mentions. As
shown in Table3, our API mention recognition model achieves a Precision of
92.08% on code snippets, and our API disambiguation model achieves a Recall
of 93.99%.

Table 3. Component evaluation results of the JARAD

Component Precision | Recall | F1

API Recognition for Text | 46.99% |69.77% | 56.18%
API Recognition for Code | 92.08% | 84.24% | 87.98%
API Disambiguation 78.88% 1 93.99% | 85.78%

The overall performance is shown in Table4. As suggested in the paper [2],
our model favors Recall than Precision. So we try to tune model parameters with
better Recall. Our JARAD has achieved a Precision of 71.58%, Recall of 76.84%,
and F1 measure of 74.12%. In terms of Recall, our method outperforms ARCLIN
[2] which achieves a Recall of 73.53%. Compared with ARCLIN as a SOTA model
in the field of API mention recognition and disambiguation in informal texts,
our method has the following two advantages: (1) ARCLIN works only on the
text in the post while our method considers both text and code information;
(2) ARCLIN aims at the APIs in the five libraries of Python while our method
targets a wider range of dataset, expanding to all APIs in the Java JDK (see
Sect. 5.4).

Table 4. Evaluation results of the JARAD

Approach Precision | Recall | F1
APIReal [1] | 78.7% 60.4% | 68.3%
ARCLIN [2] | 78.26% | 73.53% | 75.82%
JARAD 71.58% | '76.84% | 74.12%

5.4 Discussion

This section first compares the previous methods with the JARAD, highlights
the advantages of JARAD, and then discusses the shortcomings of JARAD.
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1. JARAD works on both text snippets and code snippets in posts.
As we have observed empirically, 66.92% of API Post on Stack Overflow are
mentioned in code snippets. Among the 35,825 pieces of data in our JAPD
dataset, 34,160 pieces contain code snippets, accounting for 95% of the total.
These phenomena emphasize to a certain extent that code snippets cannot be
ignored in identifying API tasks on Stack Overflow. However, some studies [2,10]
in recent years only considered text snippets. As a SOTA research based on the
Python dataset, ARCLIN [2] discards the code snippets during data processing.
Although the study [10] is also oriented to the Java dataset, it only considers
the sentences in the post and ignores the code snippets.

2. JARAD aims at a wider range of dataset. Compared with some
studies [1,2,5,10,12,13], our method targets the Java language and is applicable
to a wider range of dataset containing all Java APIs, rather than targeting a few
specific libraries. Due to the popularity of the two development languages Python
and Java, researchers are more inclined to use the dataset about them. The data
of ARCLIN [2] is based on five libraries of Python: Pytorch, Pandas, Tensorflow,
Numpy, and Matplotlib. Their experiments also show that the accuracy of the
generalization ability on Matplotlib is only 26.6% on average when using the
other four libraries as the training set. Research [10] is based on Java APIs, but
their dataset is only based on APIs’ links. However, only 804 of our 110,171
unfiltered data are obtained through APIs’ links. So we infer the certain extent
that the amount of their research data is insufficient, and the number of APIs
involved is also inadequate.

3. The structure of JARAD is simpler, and the training time of
an epoch is shorter. The average time spent by the model inferring the API
associated with a post is only 600 ms. Due to the different characteristics of text
and code, we train API mention recognition models for them respectively (see
Sect. 4.2). We find that it takes only 7 min for the text model to train one epoch
and 28 min for the code model. This is the result of our training with CPU.
Previous studies used the Bert fine-tuning model but did not elaborate on the
training time of the model. To compare the training time of the Bert fine-tuning
model with our model, we add the Bert component before the BiLSTM layer
of the API mention recognition model in JARAD. We find that it takes 18 min
for the text model to train one epoch, and takes one and a half hours for the
code model, which is significantly longer than the training time of our JARAD
model.

Threats to Validity: The JARAD proposed in this paper experiments on the
JAPD. We extract the Java API Post to construct the JAPD. The API Post
is associated with the API in the official Java JDK documentation. But the
API recognition model we proposed cannot distinguish the source of the APIL.
As shown in Fig.7, when we use the API recognition model trained based on
the text snippets in the post to infer the API mentions associated with the
text snippets, the model incorrectly recognizes ‘drawloop()’ as an API mention.
But in fact, this is a user-defined method (shown in the code snippet in the
post). We infer that both the name ‘drawloop’ and the brackets of the method
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are the reasons for the false positives in our API mention recognition model.
And ‘e.drawloop()’ is not recognized as an API mention because our model
recognizes that the prefix ‘e’ of the method is not a valid package or class name.
It is undeniable that our model has room for improvement.

Java Graphics Error: Static / Nonstatic mishap

Asked 8 years, 8 months ago Modified 8 years, 7 months ago  Viewed 358 times

So, | was working on a project of slots, because | wanted to get familiar with the java graphics
library. The setup worked rather flawlessly. Then, | tried drawing a line to test the graphics, and
2 gotthe error:

engine.java:9: non-static method drawLine(int,int,int,int) cannot be referenced
from a static context
java.awt.Graphics.drawLine(1, 2, 11, 12);

1 error

| went with the advice of my friend and created a new engine and named it e, then instead of

doing| drawloop() |l did e.drawloop , but got the same error.

Code:

import java.awt.Graphics;

import java.awt.Dimension;

import javax.swing.JComponent;
import javax.swing.JFrame;

import javax.swing.SwingUtilities;

public class engine{
public void drawloop(){
java.awt.Graphics.drawLine(1, 2, 11, 12);

public static void main(String[] args){
SwingUtilities.invokelLater(new Runnable()

public void run()
display();
¥
3
engine e = new engine();
e.drawloop();

Fig. 7. An example of a customed (https://stackoverflow.com/questions/22889139)

Another fact is that the improvement of the JARAD model is not significant
enough. Compared with ARCLIN [2], our model is not outstanding in terms of
numerical results, which may be the reason for the simpler model structure. But
our model has a clear and concise structure, which is easy to understand and
explain. We reduce the training cost and get the final model quickly.

6 Related Work

6.1 API Recognition and Disambiguation Dataset

Datasets are the basis for researchers to train and test models. However, the
lack of available and sufficient dataset forces researchers in the field of API
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recognition and disambiguation in informal texts to use manual labeling methods
to construct [2,5,12,13]. Although ARCLIN [2] eliminates the manual labeling
step when training the model, it still have to manually label the fully qualified
name of the API during testing. Study [5] manually flagged API mentions(600
per lib) in 3600 Stack Overflow posts for six libraries (three Python libraries:
Pandas, NumPy and Matplotlib; one Java library: JDBC, one JavaScript library:
React, and one C library: OpenGL) for experiments. ARSeek [13] used 380 Stack
Overflow threads as their dataset from the study [12]. DATYS [12] regards the
questions and corresponding answers on Stack Overflow as threads and manually
marks 380 pieces of data, which are associated with the APIs of four Java libraries
(Guava, Mockito, AssertJ, and Fastjson). It is worth noting that the proposers
of the DATYS method also highlighted that 'there is no available ground truth
dataset of Java API method mentions in Stack Overflow’ is the reason for their
manual labeling of the dataset.

6.2 API Mention Recognition and Disambiguation Research

The research methods of API mention recognition and disambiguation in infor-
mal texts are mainly based on rules [3,4,17] and machine learning [1,2,9,10,12,
13]. Bacchelli et al. [17] proposed a rule-based approach to extract API mentions
from emails by designing regular expressions applicable to different languages.
They then utilized two string-match information retrieval techniques (i.e., vec-
tor space model and LSI) for API disambiguation. Treude et al. [3] identify API
mentions by using different regular expressions for questions and text in Stack
Overflow posts. There is also a method [4] that utilizes compound camel-case
terms to identify code elements in the text, but this method does not consider the
confusion of common words and APIs. APIReal [1] proposes a semi-supervised
machine learning approach to recognize API mentions and utilizes heuristics
methods (including mention-mention similarity, scope filtering, and mention-
entry similarity) for API disambiguation. ARCLIN [2] performs recognition and
disambiguation based on neural networks and similarity comparisons. Different
from ARCLIN, the method [10] utilizes deep learning methods for both recogni-
tion and disambiguation. Because the API mention recognition and disambigua-
tion research in informal texts can be subdivided into two steps, some research
will study a certain step independently. For example, the methods of DATYS
[12] and ARSeek [13] assume known API mentions and determine the fully qual-
ified names of the mentioned APIs by studying the text and code snippets in
the discussion, which is API disambiguation research [1,17,23-28]. API mention
recognition and disambiguation Research can support downstream tasks such
as API recommendation [15,16,33], API Mining [11,15,16,18,19], API misuse
detection [34,35], and API resource retrieval [29-32,36].

7 Conclusion and Future Work

Stack Overflow is one of the most popular communities for spontaneous dis-
cussions among developers. Browsing past related posts on the community and



JARAD 281

launching a new post to ask for help are common means for them to solve prob-
lems on API invoking. Reasoning about the APIs discussed in previous posts can
help them search and filter the massive existing posts to quickly find related APIs
or similar problems. This inference task can also help downstream tasks such as
API Recommendation and API Mining. This paper conducts an empirical survey
of posts on Stack Overflow to study the characteristics of APIs in discussions.
Then, according to the APIs’ fully qualified names and links in the API offi-
cial documentation, the dataset of more than 30,000 < post, APIs > pairs is
automatically constructed based on the method of text matching. Finally, the
approach JARAD is proposed to solve the tasks of API mention recognition
and disambiguation linking. Compared with previous methods, the structure
of the JARAD used in this paper is simpler and JARAD has a good perfor-
mance on Recall. In the future, we can extend the research in several aspects.
We will improve our method of obtaining the dataset, expand the types of devel-
opment language, and obtain more general API recognition and disambiguation
datasets in informal texts. We will also improve API recognition and disam-
biguation methods to adapt to more general data.
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