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___Motivation

Given a task, most developers need an overview of related
technology to understand:

The scope and challenge of this task;

The existing method or algorithm for such task;

The framework, library or related code to help solve the task
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Motivation

How to find technology landscape?
|. Search Google for technology overview

data visualization library

All Images MNews Videos Maps More - Search tools

About 1,650,000 results (0.41 seconds)

D3.js - Data-Driven Documents
hitps://d3js.org/ =
D3 is a JavaScript library for visualizing data with HTML, SVG, and CS5.

Th

Benjamin Wiederkehr, partner at design and technology studio ...

Data visualization - GitHub

{=

Best Libraries For Building Data Visualizations - Fast Company
psJ/iwww.fastcompany.com/.. /fthe-five-best-libraries-for-building-data-vizualizatio... =
This story contains interviews with data visualization professionals Mornitz Stefaner, Scott Murray,

Easy to be lost, biasd
and out of date

hitps:/github com/showcases/data-visualization ~
Data visualization. Data visualization tools for the web. 23 repositories 5 ... A library optimized for
concise and principled data graphics and layouts. JavaScript ...

avaScript Libraries for Data Visualization - SitePoint

psiiwww.sitepoint.com/twelve-javascript-libraries-data-visualization/
n 20, 2014 - This article lists twelve JavaScript libraries used for data visualization.

The best tools for data visualization | Creative Blog
www.creativebloq.com/design-tools/data-visualization-712402 «
Jul 4, 2016 - Although armed with only six chart types, open source library Chart js is the perfect data

visualization tool for hobbies and small projects.
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Motivation

2. They ask in Q&A site such as Stack Overflow

Data Visualization libraries [closed]

4. | amcurrently in the startup of my new project. It's a data visualisation project, where | want to
develop an application that can visualise data (no matter where it comes from).
1
v

Right now,| am trying to find a visualisation library that | can use. Which one do you recommend?

For me it looks like the main libraries are in javascript(D3.js). | wanted to develop an desktop
application, but maybe | should just face it and switch to web based?

| have experience in java,python and C#.
data-visualization

share improve this question edited Jan 17 at 17:35 asked Feb 17 14 at9:32
5y | Brian Tompsett - HEE @ miniHessel
3,037 = 11 »26 o 74 W 1242010 Not a"owed

@sed as off-topic by Karl-Johan Sjogren, max taldykin, Paul Collingwood, Doorknob, Andy Feb%
14 at 3:10

This question appears to be off-topic. The users who voted to close gave this specific reason:

= "Cuestions asking us to recommend or find a tool, library or favorite off-site resource are off-topic for
Stack Overflow as they tend to attract opinionated answers and spam. Instead, describe the problem and
what has been done so far to sclve it." — Karl-Johan Sjégren, max taldykin, Paul Collingwoed, Doorknob,
Andy

\J&his question can be reworded to fit the rules in the help center, please edit the guestion. j
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How to solve it

» How can we help such information needs automatically
and objectively!?

a graph for technology landscape!

mayavi winfarms ..Eﬁﬂiﬁﬂt
matplotiby thon 'wgi'fﬁséha i Library Language Concept
wiaf/ **-\\ /\ d3.js javascript SVg
T\ /et ggplot2 T json
hgh@am}hﬁﬁsﬂ& m:a,tplnt]ib c# grap h o
_ Cript' hlghﬂl}arta python V'lsuallza:tmn
google-visualization nvd3.js matlab time-series
visualization dimple.js html heatmap
_ _ flex plot
ggplot2 time-series mschart graphics
neatmap 1 o la,ttice' bar-chart
plot mayavi free
matab gmphicgmmgr—analysis
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Observation

Stack Overflow covers most programming technologies
» 12m questions, 20m answers, 6m users

» Mine a landscape of technologies automatically from SO.

javascript = 1202058
JavaScript (not to be confused with Java or
Jscript) is a dynamic, weakly-typed language
used for client-side as well as server-side

658 asked today, 5251 this week

& android = 884712

Android, used for programming or developing
digital devices (Smartphones, Tablets, Autos,
TV's, Wear, Glass), is Google's mobile OS.

503 asked today, 4232 this week

CH+ X 486324
a general-purpose programming language
based on C. Use this tag for questions about
code (to be) compiled with a C++ compiler.

164 asked today, 1435 this week

sql = 346648

a language for querying databases. Questions
should include code examples, table
structure, sample data, and a tag for the

100 asked today, 1152 this week

net x 238572

a software framework designed mainly for the
Microsoft Windows operating system. It
includes an implementation of the Base Class

S0 asked today, 533 this week

java = 1126030

Java (notto be confused with JavaScript)is a
general-purpose object-oriented
programming language designed to be used

541 asked today, 4641 this week

jguery = 768252

a popular cross-browser Javascript library
that facilitates DOM (Document Object Model -
HTWL Structure) traversal, event handling,

251 asked today, 2542 this week

05 = 455057

the mobile operating system running on the
Apple iPhone, iPod touch, and iPad. Use the
tag [ios] for questions related to programming

220 asked today, 1973 this week

asp.net = 297367

a Microsoft web application development
framework that allows programmers o build
dynamic web sites, web applications and web

70 asked today, 759 this week

C x J25742

a general-purpose computer programming
language used for operating systems,
libraries, games and other high performance

68 asked today, 661 this week

c# x 995203

a multi-paradigm, managed, type safe, object-
oriented programming language. Questions
should include code examples sufficient to

356 asked today, 3667 this week

python = 821636

a dynamic and strongly typed programming
language designed to emphasize usability.
Two similar but incompatible versions of

350 asked today, 3520 this week

mysql = 415762

a freely available, open source Relational
Database Management System (RDBMS) that
uses Structured Query Language (SQL). Do

202 asked today, 1595 this week

objective-c = 264842

should be used only on questions that are
about Objective-C features or depend on code
in the language. The tags [cocoa] and [cocoa-

42 asked today, 484 this week

iphone = 214210

unless you are addressing Apple's iPhone
andfor iPod touch specifically. For questions
not dependent on hardware, use the tag "i0S".

25 asked today, 137 this week

php = 967496

a general-purpose Open source, server-side
programming language that is especially
suited for web development

422 asked today, 3938 this week

html = 570578

the standard markup language used for
structuring web pages and formatting content.
HTML describes the structure of a website

336 asked today, 2843 this week

€55 = 412503

a style sheet language used for describing the
look and formatting of HTML (Hyper Text
Markup Language) and XML (Extensible

217 asked today, 1925 this week

ruby-on-rails = 253324

an open source full-stack web application
framework written in Ruby. It follows the
popular MVC framework model and is known

106 asked teday, 791 this week

angularjs = 193520
an open-source JavaScript framework. Its goal
is to augment browser-based applications
with Model-view—Whatever (MY*) capability

166 asked today, 1619 this week
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Dataset

» Tags in Stack Overflow

Print query string in hibernate with parameter values

A s itpossiblei to print generated [sgl]queries with real values instead of question marks?

121  How would you suggest to print queries with real values if its not possible with[hibernate]api?

h 4 java sgl  hibemate  orm — Tags ‘

A tag is a word or phrase that describes the technology or
concept of the question.

Frequent co-occurring tags indicate potential relations
between technologies.

There are millions of questions attached with tags.

» Hence, we adopt tags in SO to mine technology
landscape.
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Construct Technology Associative Network

» Association rules mining
Minimum support & confidence value

Frequent pairs of tags e.g., (java -- spring, c -- pointer, html -- css)

» Build a graph

Link tag pairs into a graph, we call it technology associative
network (TAN)

» Community detection
Cluster nodes in the graph

NANYANG

TECHNOLOGICAL
UNIVERSITY



Technology Associative Network

The overview of important technologies related to
programming in Stack Overflow:
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Tag Category

Tags in Stack Overflow belong to different categories:
Java = programming language;
Eclipse = IDE;
Binary-search = algorithm;

Caching = mechanism;
D3.js = library.
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Identify tag category

» Community TagWiki info About BB

First sentence
I0S is a mobile operating system developed by Apple.

» Get the category of the tag m

Part-of-Speech tagging T ‘ /\ b ‘
and phrase chunking ~ ™*

is a  mobile NN NN developed by  NNP
Fi I"St n ou n P h rase afte r i0S operating ~ system Apple
“be” is category label
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Technology Landscape

Combine both the graph and category information to
complete the technology landscape:

) Pk
matplotibo thon 'wgi'fﬁséh art Library Language Concept
wiaf/ **-\\ /\ d3.js javascript SVg
- T\ /et ggplot2 T json
Qmph"‘”ﬂf"ﬁ"““\hgh@am Ch‘ﬁﬂsﬂg’( matplotlib  c# graph
d'"]?gis/a\gcfrf tll highcharts  python visualization
5@_\\_‘%; C g?c@;giguanzaﬂnn nvd3.js matlab time-series
d?,’-JSH visualization dimple.js html heatmap
nvddjs I Y ) ) flex plDt
g@éh ggplot2 tmeseries 1y schart graphics
neatmap 1 o la,ttlce' bar-chart
mayavi free

. plot &
matla : It
gmph'cgmduster—analysis
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Application

» Website (TechLand)

» https://graphofknowledge.appspot.com

Asking trend in Stack Overflow

G003
sockets |
800
An endpoint of a bidirectional inter-process 7004E
communication flow. This often refers to a 600 _%
process flow over a network connection, but 500 BE]
by no means is limited o such. Not to be 4004 5
confused with websocket (a protocol) or 5
. . 30042
other abstractions (e.g. socket.io). [}
20093 2
Learn more » 1004

2009 2010 2011 2012 2013 2014 2015

Total 2009 2010 2011 2012 2013 2014 Y Like Library
swing
@os———Sobjeciive-c
3 - ramming boost
@lusioot \ websocket
\ V/,.nux socketio
boost-asio
@androit
neM&ghg sream at winsock
\ lo tepclient
cllent \ CH++
ava — swin
sl j o boost
multithreading @Windows
serversocket 9 i
Inpusipggm client-server o
tcpollent - vascript
net c#
asynchronous
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sockets

Top-voted gquestions: 4

346 \What is the difference between a port and a socket?

248 Socket options SO_REUSEADDR and SO_REUSEPORT, how do they differ? Do they
mean the same across all major operating systems?

221 What does "connection reset by peer” mean?
142 How much overhead does SSL impose?
114 Can two applications listen to the same port?

Code snippets: 5

Java
import java.io.IOException;
import java.net.*®;
public class SocketSend {
public static wvoid main(String args[]) throws IOException {
sendData("localhost™, "hello socket world™);

¥

public static wvoid sendData(String host, 5tring msg) throws IOException {
Socket sock = new Socket( host, 256 );
sock.getOutputStream( ) .write(msg.getBytes());
sock.getOutputStream().flush();
sock.close();

Popular links: 6

hitp:/fdocs.python.org/library/socket. html
http:/fmsdn.microsoft.com/en-us/library/system.net sockets.socket aspx
http://developer.android.com/reference/java/net/Socket.html
http:/fdocs.oracle.com/fjavase/7/docs/apifjava/net/Socket.himl

http://help.adobe.com/en US/FlashPlatform/reference/actionscript/3/flash/net/Socket.html



https://graphofknowledge.appspot.com/

____Empirical Study

RQI: Can the mined TAN capture the important
technologies from a majority of Stack Overflow
questions!?

RQ2: How do different mining thresholds affect the size
and modularity of the mined TAN?

RQ3:Are the mined technology associations semantically
related?

RQ4:What are structural properties of the mined TAN?

RQ5: How do the technology landscape evolve over time!?
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» If one tag of a question is covered, we count this question
as covered

RQ1: Coverage of Tags and Questions

The higher minimum support value, the lower coverage

00001 00002 00003

0004 00005 Q0006 00007 00008 L0009 0.001

Minimum suppart

Figure 7: Coverage of questions
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RQ2 & RQ3

rrikser of edges
A .

» size and modularity of technology:: \
commun It)’ () Edgo mumber (b) Node number

015 0 025 DI 0325 D4
Minimal confidence

Higher confidence results in sparse =
graph while lower confidence '

o
cpoaa
EEEREES

00z |
0

Average node cor
oo oo ao

results in dense graph

5 ¢l 045 02 025 03 035 DA Q45 05 005 01 015 02 05 03 035
Minimal confidence Minimal confidence

(c) Density (d) Connectivity
» Semantic distance of technology

associations by “Google °

h ’ ’ 0 ans 01 215 "f .IIJ. 0.3 .(I 1% 04 045 05 5 :-1 045 05
D I Sta, n C e Minimal confidence :
(f) Modularity

(e) Community number

Modularity value
24 a0 a0

Mumber of communitie
P

As Figure (a) shows, most edges are y——————
covered in Google Trends H H E | L

Minimal confidence

(g) Community size distribution
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RQ4: network structure

» General & Specific TAN

General Technological associative network can capture high-
level knowledge.

After zooming in, more detailed knowledge emerges
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RQ5: Network Evolution

I
0.9 -
0.8 -

» For each month, draw TAN 5;7
£ 05 |

Their difference is smaller 2 04 |

2 o3

and smaller S o2

=01 -

technology
= === technology-association

Different communities begin O TR e s - e s s . S, B R T

to emerge and stabilize

(a) 2009-01 (b) 2011-01 (c) 2013-01 (d) 2015-01

NANYANG

TECHNOLOGICAL
UNIVERSITY



Usefulness of our TechLand

|.Answer questions in Stack Overflow

* 3 types, 9 questions from Stack Overflow;

e 7 PhD students

* Compare original answers and that from our TechLand

* Mark accuracy, coverage, satisfaction by 5-point likert scale

4.50
Table 1: 3 types of questions in user study 400 3.80 4'06
Type Question 350 343
overview What are the best overviews for cloud technology 313
A good resource for an overview of web technologies 3.00
Technical architecture diagram for an iPhone app 250
concept What are the top 3 main concepts in WPF g
What are the core concepts in functional programming & 200
What are best tools/concepts/things to be a better java programmer 1.50
library What are some good OpenlD libraries
What are your favorite JavaScript libraries/scripts to create tooltips 1.00
What languages and libraries should I use to work with Gmail? 0.50
0.00

accuracy coverage satisfaction

B Stack Overflow B TechLand
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Usefulness of our TechLand

2.Web usage https://graphofknowledge.appspot.com/
Sessions Users
3,229 2,220
NUR N PISRERTTAREr R ENTRN W TR
Page Views Pages/Session
11,040 3.42
R VOO FORVPUEI B S | R GO SR
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http://graphofknowledge.appspot.com/
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*  Chen, Chunyang,and Zhenchang Xing. "Mining technology landscape from stack overflow."
In Proceedings of the |0th ACM/IEEE International Symposium on Empirical Software Engineering and
Measurement, p. 14.ACM, 2016.

* Chen, Chunyang, Zhenchang Xing, and Lei Han. "Techland:Assisting technology landscape inquiries
with insights from stack overflow." In 2016 IEEE International Conference on Software Maintenance
and Evolution (ICSME), pp. 356-366. IEEE, 201 6.

Thanks for listening

Chunyang Chen, Zhenchang Xing

School of Computer Science and Engineering, Nanyang Technological University, Singapore
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