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Packages. -
— Java™ Platform, Standard Edition 8

iy API Specification

s

At datatranchoe ,7| Thisdotument is the API specification for the Java™ Platform, Standand Edition.

Al Casses | See: Description
Abstractactien
Profiles
« compact]
» campact2
* compict3

AbsvsatsiorChcserbane -
AbsiractDocume

Package Description
Java.applet

‘Provides the classes necessary to create an applet and the classes an
applet uses to communicate Wit is applet contert.

Java.amt ‘Cantains all of the classes for creating user interfaces and for painting

AbstractEnecutorService qraphics and images.

Attt

Abstractiayos

Aosteclayeiache NoseDimens
Aost

Java.awt.color ‘Provides classes for color spaces.

Java.awt. datatransfer

‘Provides interfaces and classes for transferring data between and within
applications.
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What's New

The Java

eaders.
Hot st e b tart?
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x4t Appications for more Mformaton.

Trails Covering the Basics k)
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Tutorial Contents

Tutorial Resources
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Maalej W, Robillard M P. Patterns of knowledge in API reference documentation, IEEE Transactions on Software Engineering, 2013,

39(9): 1264-1282.
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A FilterAtomicReader for updating facets ordinal references, based on an ordinal map. You
should use this code in conjunction with merging taxonomies™ 'l Natural |anguage sentence
receive an DirectoryTaxonomyWriter.OrdinalMap which m with code names
ones. You can use that map to re-map the payloads which contain the facets information (ordinals)
either before or while merging the indexes.

Natural language

For re-mapping the ordinals during index merge, do the following: sentence
// merge the old taxonomy with the new one.
OrdinalMap map = DirectoryTaxonomyWriter.addTaxonomies ();
int[] ordmap = map.getMa ;
2 P p-g pU Out-of-date
code name

// Bdd the index and re-map ordinals on the go
DirectoryReader reader = DirectoryReader.open(oldDir);
IndexWriterConfig conf = new IndexWriterConfig(VER, ANALYZER);
IndexWriter writer = new IndexWriter (newDir, conf);
List<AtomicReaderContext> leaves = reader.leaves|();

AtomicReader wrappedLeaves|[] = new AtomicReader[leaves.size()];

for (int 1 = 0; 1 < leaves.size(); 1i++) |

wrappedLeaves[1] = new OrdinalMappingAtomiqReader (leaves.get (1) .

}
writer.addIndexes (new MultiReader (wrappedLeaves)); Code sample

writer.commit () ;

Zhong H, Su Z. Detecting APl documentation errors, International Conference on Object Oriented Programming Systems Languages
& Applications (OOPSLA). ACM, 2013:803-816.
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Associated Category  Problem
Subcategories/descriptions tespondents
Content Incompleteness
Obstacles caused by inadequate or absent resources for leaming the API {for example, documentation) dl o
Ambiguity
20 ] U lained
Erampls Insuficent o inadequate exampls 0 exampies
qm.a . . Obsoleteness
Gengral Unspecifed issues with the documentation 4
o Lo . ) Inconsistency
Content Aspectic pece of contentis missing or inadequately presented inthe 12 Incorrectness
documentation (for exampl, information aboutalexceptions raised) Total
Presentation  Bloat
Task No reference on how to use the AP! to accomplish a specifictask ! _
Fragmentation
Format Resources aen'tavalabl inthe desired form B Ercess
' o ' i 1 tructural
Design Insuffcient o inadequate documentation on the igf-level aspects of b .
the API suchas design or rafionale Tangled
information
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Description

The description of an APl element or topic wasn't where it was
expected to be.
The description of an APl element was mostly complete but unclear.

A code example was insufficiently explained.

The documentation on a topic referred to a previous version of the
APL.
The documentation of elements meant to be combined didn‘t agree.

Some information was incorrect.

The description of an APl element or topic was verbose or excessively
extensive.

The information related to an element or topic was fragmented or
scattered over too many pages or sections.

The description of an element contained redundant information about
the element’s syntax or structure, which could be easily obtained
through modern IDEs.

The description of an APl element or topic was tangled with
information the respondent didn’t need.

Uddin G, Robillard M P. How APl Documentation Fails[J]. IEEE Software, 2015, 32(4):68-75.
Robillard M P. What Makes APIs Hard to Learn? Answers from Developers[J]. IEEE Software, 2009, 26(6):27-34.
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public final class UnboundedFifoBuffer 1
extends java.util. AbstractCollection

implements Buffer

UnboundedFifoBuffer is a very efficient buffer implementation.
According to performance testing, it exhibits a constant access time,
but it also outperforms ArrayList when used for the same purpose.
The removal order of an UnboundedFifoBuffer is based on the
insertion order; elements are removed in the same order in which they
were added. The iteration order is the same as the removal order.

The remove() and get() operations perform in constant time. The
add(Object) operation performs in amortized constant time. All other
operations perform in linear time or worse.

Note that this implementation is not synchronized. The following can
be used to provide synchronized access to your UnboundedFifo:
Buffer fifo = BufferUtils.synch (new Unb 0);
This buffer prevents null obiects from being added.

APIXHE

[ER1%E

Functional Description

public void removeElementAt(int index) 2
Deletes the component at the specified index. Each compenent in this
vector with an index greater or equal to the speeified index is shifted
downward to have an index onme smaller than the value it had
previously. The size of this vector is decreased by 1.

The index must be a value greater than or equal to 0 and less than the
current size of the vector.

This method is identical in functionality to the remove(inf) method
(which is part of the List interface). Note that the remove method
returns the old value that was stored at the specified position.

et fil o ArryList

ntegar-0:

protected [InformationControl finformationControl 3
The information control.

This field should not be referenced by subclasses. It is protected for
API compatibility reasons.
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Java's Callection Iterface: Adding and Remaoving Elements (jcol)
Colleceion.add (| adds the given elementtotha collection and retus rug if e Collecion
thanged 35 aresulof callng the Co: Lection.add() methodlore

Java's Collection Interface: Adding and Removing Elements - part 2 (col)
Collection.addhl1() adds al elements foundin e Collection passed as parametertothe
method More

Java's Callection Interface; Checking ifa Collection Contains a Certain Element (jcol)
These are the Collection, containa() &ndCollection. containsRlL() methods Hore

Lesson: Custom Collection Implementations: Reasons to Write an Implementation (col)
The folowing lst llustrates the sot cf custom Colleczion § you rrightwantto implement Hore

Vlrapper Implementations: Synchronization Wrappers (col
Collection  Set  List Map SortedSet and Sorvediap Hore

ﬁﬂ:ﬂi‘ W2l S
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Knowledge Type Description (Excerpt)

Describes what the API does (or does not do) in terms of functionality or features. Describes
what happens when the APl is used (a field value is set, or a method is called).

Explains the meaning of terms used to name or describe an API element, or describes
design or domain concepts used or implemented by the APL

opecities what users are allowed / not allowed to do with the APl element. Directives are ]
clear contracts.

Fynlaine the niirnnee of nravidine an element ar the ratinnale of a certain decion decicion

Nanjing University of Aeronautics and Astronautics

Functionality and Behavior

Concepts

[ Directives

| ) OIS T b DS S

B Jae
O] NeT

Ratio of units with type

. El]ﬂ.:l:ﬂﬂﬂ_:ﬂ

Functionality Concepts ~ Directive ~ Purpose Quality ~ Confrol  Structure  Pattems  Examples Environment References — Non-info

Knawledge types

Maalej W, Robillard M P. Patterns of knowledge in API reference documentation, IEEE Transactions on Software Engineering, 2013,
39(9): 1264-1282.
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public final class UnboundedFifoBuffer 1
extends java.utiLAbstractCollection

implements Buffer

UnboundedFifoBuffer is a very efficient buffer implementation.
According to performance testing, it exhibits a constant access time, but
it also outperforms ArrayList when used for the same purpose.

The removal order of an UnboundedFifoBuffer is based on the insertion
order; elements are removed in the same order in which they were
added. The iteration order is the same as the removal order.

The remove() and get() operations perform in constant time, The
add(Object) operation performs in amortized constant time, All other
operations perform in linear time or worse.

Note that this implementation is not synchronized. The following can be
used to provide synchronized access to your UnboundedFifo:

Buffer fifo = BufferUtils.synchronizedBuffer(new UnboundedFifo()):
This buffer prevents null objects from being added.

public void removeElementAt(int index) 2
Deletes the component at the specified index. Each component in this
vector with an index greater or equal to the specified index is shifted
downward to have an index one smaller than the value it had
previously. The size of this vector is decreased by 1.

The index must be a value greater than or equal to 0 and less than the
current size of the vector.

This method is identical in functionality to the remove(int) method
(which is part of the List interface). Note that the remove method
returns the old value that was stored at the specified position.

protected IInformationControl finformationControl 3
The information control.

This field should not be referenced by subclasses. It is protected for API
compatibility reasons.
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RIS EE: HIRERSRESS (LSTM) &5

. Bi-LSTM Network
Training Phase
index LSTM outputs
s T[] |
A 3
:_‘ must | | ) E .
oo —1 = ]
—a | LS+TM _.D: [:ﬂ g 3 E —»  Loss
= @ size | i = <— Function
s [T 1] /|3
Training Set and i : vector . . T
Validation Set versample _
Sentences Word Embedding & _.EE

a (B Directive

= - U:l Non-Directive
Trained Bi-LSTM

A New Sentence Network

Prediction Phase

Jingxuan Zhang, He Jiang, Shuai Lu, Ge Li, and Xin Chen. DeepDir: A Deep Learning Approach for API Directive Detection, SC/ENCE
CHINA Information Sciences. 2019, Accepted.
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1. ARG EZE GBI E?

API Specification )
Baseline

Precision

DeepDir

Improv.

Baseline

Recall
DeepDir

Improv.

F-Measure

DeepDir

Baseline NProv.

15.18%
28.7 J/L,
49.37%

Java
JFace

commeons.collections

34.43%
54.61%
65.82%

+19.25%
+25.86%
+16.45%

73.81%
78.40%
67.41%

76.17%
81.09%
85.44%

+2.36%
+2.69%
+18.03%

25.18%
42.07%
57.00%

47.39%
64.90%
74.30%

22.21%
+22.83%
17.30%

31.10%

Average

51.62%  +20.52%

73.21%

80.90%

+7.69%

41.42%  62.20%

$720.78%/

N—

2. BEagiRnls=directive2&XHZEEF?

Part Q Question Answer Option Percentage
Always 48%
Part 1 Q1 How often do you refer to API documentation Often 46%
- when facing unfamiliar APIs? Seldom 6%
Never 0%
Q2 Have you ever pay attention to API directives Yes 91%
= i APT documentation? No 9%,
Very difficult 2%
Is it difficul find APTd . f Difficult 19%
s 1t 1cult to find out £ irectives from o
Q3 API documentation? Normal 64%
Easy 13%%
Very easy 2%
Part 2 Too long explanation 52%
Wha £ find API Unstructured text without uniform style 68%
Q4 c:;'eratiti:"ff;;; e;l;ly 32:1?111211101;211“ Useless information embedded 40%
) ) Lack of focus in long text 61%
Other (pleasespeeids 16%
Do you think automatically reminding and Very Helpful 46%
Qs highlighting API directives 1s helpful to avor A little helpful 48%
bugs? less
Do you think API directive detection tools are Yes 84%
Q6

helpful? No 16%
aich is i hen d X Higher precision 33%
Part 3 Q7 Which 1s mlpo;l;x;;\;;x; etecting APT Higher recall 189
Both higher precision and recall 49%

Qs What suggestions do vou have for APT Blank option _

directive detection tools?
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How do | remove repeated elements from ArrayList? Usage Scenario

A |havean Arraylis t Ques tion Title maove repeated strings from it. How can | do this?
274 java list collections arraylist duplicates Question BOdy
share edit edited Aug 29 '13 at 7:28 asked Oct 15 '08 at 8:05
Tag Jonik user25778
User Score 38.6k 42 ©183 ® 245 1,

Questioner

A, [fyoudontwantduplicates ina collection , you should consider why you're using a Collection
that allows duplicates. The easiest way to remove repeated elements is to add the contents to a
582 et (which will not allow duplicates) and then add the set back to the ArrayList :

List<String> al = new ArraylList<>();

// add elements to al, including duplicates

¢ Set<String> hs = new HashSet<>();

hs.addAl1l(al); COde Sample

al.clear();
al.addAll(hs); \

Of course, this destroys the ordering of the elements in the ArrayLi;t_I ACCEpted Answer

share edit edited Oct 25 at 14:15 answered Oct 15 '08 at 8:11
.:-":f‘i Andrew Tobilko jonathan-stafford
Ad 8,376 #3 915 # 38 _. Answerer

Kim J, Lee S, Hwang S W, et al. Enriching Documents with Examples: A Corpus Mining Approach, ACM Transactions on Information
Systems, 2013, 31(1):157-160.
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|=!stackoverflow

>

API
Documentation

Q&A-Pair
Search Engine
(Section 3.2)

i

API-Type
Extractor
(Section 3.1)

Q&A-Pair
Preprocessor
(Section 3.3)

ADECK

Tuple
Clustering
(Section 3.4)

'

Tuple
Representation
(Section 3.5)

>

Information
Embedding
(Section 3.6)

Enriched API
Documentation

Jingxuan Zhang, He Jiang, Zhilei Ren, Tao Zhang, and Zhiqiu Huang. Enriching APl Documentation with Code Samples and Usage

Scenarios from Crowd Knowledge, /EEE Transactions on Software Engineering (TSE). 2019, Accepted.
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1 EEIMS5E, SiHHEISEERHNRESS,
Prosrammi : Potentially Test case Level of
[d[ FOBTAMIIIUNG Pl ted topic :
task - Useful API Test input Expected output | difficulty
class1=1'\nclass2=2\
Split a text fi‘iﬂi::i?ﬁﬁ;i:ﬁ class1:1,5, 9
based on a . ) . |java.util String. Loees i \ B class2:2, 6, 10 )
1 : String processing : 6\nclass3=7'\nclass4 easy
specified Tokenizer _s\nclass1=9\nclass class3:3, 7. 11 :
character N lﬂ'mtclass_i 1 1'nel class4-4, 8, 12
.l'_|: = I|
assd=12
http://global bing co
m/"FORM=HPCNE | The source code of
: ] moderate
bing search

Read and print
e javanet. URL.
Né&setmkt=en-

the source :
2 connection and i
code of a o Connection
mteraction
webpage usé&setlang=en-us
- L : i Run the program | The menus in the
javax. swing. i : i
and press the ctrl | first menu bar are hard
shown

3 menu when | GUI design and
press the ctrl | implementation
key

JMenuBar key

1. SehkIRIEIE TS RIS
2. SRk émtE{ESSAIRTIE
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50 . . 1E E . . g . . 0 g
Task1  Task?  Task3 Groupl  Group2  Group3 Raw  eXoaDocs ASECK

I The task completion frequency sl The average conpletion e IS The task completion frequency s The average completion tine NN The task completion frequency el The average completion time

Fig, 8. Comparison between different tasks Fig, 9. Comparison between different groups Fig, 10, Comparison between different API specifications

1. RIEEEZENESE

EfTSTHEA

2. BMIBARDERIBE.
3. FIRBAGAEENAPINE, JLURESHARENRENE,

30
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(1)JodaTime is like an iceberg, 9/10ths of it is invisible to user-code. (2)Many,
perhaps most, applications will never need to see what's below the surface.
(3)This document provides an introduction to the JodaTime API for the average
user, not for the would-be API developer.

(4)The bulk of the text is devoted to code snippets that display the most common
usage scenarios in which the library classes are used. (5)In particular, we cover
the usage of the key DateTime, Interval, Duration and Period classes.

(6)We finish with a look at the important topic of formatting and parsing and a
few more advanced topics.

IR GMR FITSEA
Input Unfamiliar APIs
Output Relevant API tutorial fragments explaining unfamiliar APIs
Method Information Retrieval Text Classification Text Classification
Different corpora require their corpus-specific annotated data.
Drawbacks Precision is low  |The effectiveness of supervised approaches depends on the
features.

He Jiang, Jingxuan Zhang, Xiaochen Li, Zhilei Ren, and David Lo. A More Accurate Model for Finding Tutorial Segments Explaining APIs, /n
Proc. of 23th IEEE International Conference on Software Analysis, Evolution, and Reengineering (SANER’ 20176), Osaka, Japan. pp. 157-167.
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MBTIERNARE: KSR “%Eijciklﬁtﬁwi%i}ll
HEE, %ﬁwx&%mﬁﬂmﬂ!m . (ERIFHARFAEER,
Bifr: IBH—MTIESIRE,

Unfamiliar Relevant :
APIs T T T ragments for ! n nJ BAEH.
ey AR BIRNER:

Tutorials |
| Unfamiliar APIs
® 0 — I APIS 74 B E3
| | L —= 2
W )
I | :
Tutonall AP e | * I.EO
Segmentation e Variable | Relevant
- Resolution — >| Fragment
. . " Recommender
Fragments E— A
N Type Sentence
Fragment Identification fEnEiniis
N Relevance

Parser
Between
Parsed Topic Based . fragments JL A E,
Topic Based and APIs z ; ’ I z. ‘

Correlation Score

Fragments
N Y Calculation Scores
Fragment Retained Relevance F m A Eg *%% Eg A P I
Filter Fragments Identification I
e T R
o Relevance Discovery Phase Correlation Score PageRank ; * zo
Calculation Based Scores FRAPT

o Fragment Recommendation Phase

He Jiang, Jingxuan Zhang, Zhilei Ren, and Tao Zhang. An Unsupervised Approach for Discovering Relevant Tutorial Fragments for
APIs, /n Proc. of 39th IEFFE International Conference on Software Engineering (ICSE’ 2017), Buenos Aires, Argentina. pp. 38-48.
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Precision (%) Recall (%) F-Measure (%)

FRAPT FITSEA GMR IR FRAPT FITSEA GMR IR FRAPT FITSEA GMR
JodaTime 85.19 | 69.00 | 58.82 [ 73.00 [ 76.67 | 74.17 | 50.00 | 73.00 | 80.70 | 70.24 [ 54.05 | 73.00
Math Library | 84.78 | 67.89 | 52.00 | 67.00 [ 73.58 | 72.70 | 49.06 | 65.00 | 78.79 | 61.53 [ 50.49 | 66.00
Col. Official | 62.03 | 55.74 | 62.69 | 30.00 [ 87.50 | 48.62 | 31.79 | 94.00 | 72.59 | 48.10 | 42.18 | 45.00
Col. Jenkov [ 61.19 [ 90.44 | 82.14 | 33.00 | 97.62 | 85.17 | 58.97 [ 88.00 [ 7523 | 85.17 | 68.66 | 48.00
Smack 77.94 | 83.38 | 70.00 [ 74.00 [ 94.64 | 88.33 | 93.33 | 52.00 | 85.48 | 83.90 [ 80.00 | 61.00
Graphics 49.21 5042 | 45.60 | 3580 | 75.61 | 42.52 | 4450 | 67.44 | 59.62 | 43.73 | 45.04 | 46.77
Android| Resources 65.22 | 75.83 | 55.00 | 40.32 | 66.67 | 66.17 | 21.11 55.56 | 6593 | 66.80 | 30.51 | 46.73
Corpus Data 71.43 | 56.52 19.29 | 3333 [ 55.56 | 52.00 | 14.76 | 44.00 | 62.50 | 54.17 [ 16.72 | 37.93
Text 57.58 | 36.19 | 66.67 | 37.21 76.00 | 48.33 | 2222 | 57.14 | 6552 | 39.56 | 33.33 | 45.07
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Corpus  Tutorial

McGill
Corpus

Precision| Recall el;;ure Precision| Recall eI;;ur 2 %,‘%Ku % II’-%H:% Hgﬁ 5 %
. . . it m ! nng
McGill Corpys Android Corpus . e .
®FRAPT | 74.23% | 86.00% | 78.56% || 60.86% | 68.46% | 63.39% ﬁ 1 IJ ;E E Hg H s£ * E ;nl ﬁg *2
FITSEA | 73.29% | 73.80% | 69.79% || 54.74% | 52.26% | 51.07% &E '/ +
GMR | 65.13% | 56.63% | 59.08% [ 46.64% | 25.65% | 31.40% > (4 nE /\Y% A
t XxE 11 Yyize
IR 55.40% | 74.40% [\58.60% [ 36.67% | 56.04% | 44.13%
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