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What are Stereotypes?

* Stereotypes are abstractions that capture the high-level design and behavior
of software

* Method stereotype: describes the intended behavior and role of a method

. Cllass stereotype: characterizes the overall purpose and responsibility of a
class

* Used in various research related to program comprehension and
maintenance:

Code smell detection

Generating commit messages

Enhancing feature location

Generating natural-language summaries for methods
And more!



Method Stereotypes

[Dragan et al. ICSM 2006, 2009, 2010]

Stereotype . ..
Stereotype Description

Category
get Returns a data member

Structural predicate Returns a Boolean value that is not a data member

Accessor property Returns information about data members (non-Boolean)
void-accessor Returns information about data members through method parameters
set Modifies a data member

Structural command

Mutators non-void- Performs a complex change to the object’s state
command
constructor

. copy-constructor )

Creational Creates and/or destroys objects
destructor
factory

Works with objects belonging to classes other than itself (parameter, local variable, data member, or
collaborator
) return value)
Collaborational : :
controller Changes only an external object’s state (not this)
wrapper Does not change an object’s state. Has at least one free function call
incidental Does not read/change an object’s state. No calls to other class methods or to free functions
Degenerate tatel Does not read/change an object’s state. Has at least one call to other class methods or to a free

stateless

function

empty

Has no statements




Method Stereotypes - HippoDraw

// @stereotype get
double AxisModelBase::getFirstTick() const

{
return m_first tick;

}

// @stereotype set
void AxisModelBase::setAutoRanging ( bool flag )

{
m_auto_range = flag;

}

// @stereotype command

void AxisModelBase::setScaleFactor ( double sf )

{
m_scale_factor = sf;
m_scaling on = true;

}




Class Stereotypes  [Dragan et al. ICSM 2006, 2009, 2010]

Class Stereotype

Description

entity

Encapsulates data and behavior. Keeper of data model and/or business logic

minimal-entity

Special case of Entity. Consists only of get, set, and command methods

data-provider

Encapsulates data and consists mainly of accessor methods

commander Encapsulates behavior and consists mainly of mutator methods
Communicator with a large percentage of collaborational methods and a low percentage of
boundary
controller methods. It also does not have many factory methods
factory Creator of objects and has mostly factory methods
controller (aka control) Provides functionality to control external objects. Consists mostly of controller and

factory methods

pure-controller

Special case of controller. Consists only of controller and factory methods

large-class

Contains a large number of methods that combine multiple roles, such as Data Provider,
Commander, Controller, and Factory

lazy-class Consists mostly of get, set, and degenerate methods. Occurrence of other methods is low
degenerate Consists mostly of degenerate methods that do not read/write to the object's state
data-class Consists only of get and set methods

small-class

Consists only of one or two methods

empty

Has no methods




Class Stereotypes - PowerShell

// @stereotype boundary degenerate
public class ResumeController : Controller {

// @stereotype command
public async void NoResume();

// @stereotype controller stateless
private bool TryGetRangeHeader(out string rangeHeader);

// @stereotype wrapper
private void SetResumeResponseHeaders();

// @stereotype command collaborator
public async void Index();




Challenges in Stereotype Detection

* Existing automated approaches are limited in functionality
* Perform basic analysis
» Stereotype one source file at a time
* Support a single language (C++ or Java)
e Struggle to identify certain rare stereotypes
* Difficult to use or install

* Need for accurate and language-agnostic tools to automate
stereotype identification at large scale



stereocode

* A static analysis tool engineered to automatically identify, and re-
document software systems with method and class stereotypes.

@srch

* Stereocode can identify stereotypes for both individual source
files and complete software systems

* Leverages srcML [srcML.org]

* Supports C++, C#, and Java systems (including multi-language)
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Stereotype
|dentification

* Method stereotypes are
determined by a set of
rules

* Class stereotypes are
determined by the
frequency distribution of
their method stereotypes
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Stereotype
Annotation B

Stereotype Source Code
Annotation (Stereotyped)

_____

<function st:stereotype="get"><type><name>int</name></type>
<name>getID</name><parameter list>()</parameter list>
<block>{<block content>

<return>return<expr><name>id </name></expr>;</return>
</block content>}</block></function>




Scalability

* Stereocode applied to 1050 open-source software systems
= 350 each for C++, C#, and Java

* Systems are converted to srcML format in less than a second
* Stereotyped 60% of systems in under 6 seconds

* Average stereotyping time is 19 seconds for all 1050 systems



Distribution
of Method
Stereotypes

empty 24034 (1.04%) unclassified 8227 (0.35%)

get 133784 (5.77%)

predicate 115337
(4.97%)

stateless 141270(6.09%)

incidental 69495 (3.00%
factory 12409 (0.54%

destructor 39430 (1.70%)

copy-constructor 12742
(0.55%)

property 261712
(11.29%)

constructor 14883

(6.42%)
void-accessor 15470

(0.67%)
wrapper 128
(5.54%) N
controller 113830
(4.91%)
command 267769
(11.55%)
collaborator 546809 non-void-command

(23.58%) 178631(7.70%)

C#

unclassified 1332 (0.07%)
—get 60940 (3.11%)
predicate 36425 (1.86%)

empty 15679 (0.80%)

stateless 225342 (11.51%)

incidental 43783 (2.24%:) _ property 182143 (9.30%)
factory 45805 (2.34%) |

destructor 751 (0.04%;)

void-accessor...

copy-constructor 9179
(0.479%)

constructor 152203

(7.77%) _command 194958

(9.96%)

wrapper 160632
(8.20%%)
— non-void-command
190338 (9.72%)
controller 127282
(6.5098)

collaborator 408317 (20.85%)

C++

empty 34780 (1.08%) unclassified 875 (0.03%)

get 244477 (7.59%)

predicate 64331
(2.00%)

stateless 251748(7.81%)

incidental 56334 (1.75%

factory 87586 (2.72%
copy-constructor 3949 (0.12

destructor 0(0.00%

property 332128
(10.31%)

constructor 1629 void-accessor 1826

(5.06%) (0.06%)

wrapper 149796

(4.65%) N_
controller 189352

(5.88%)

command 467223
(14.50%)
collaborator 674905
(20.94%) non-void-command

349583 (10.85%)

JAVA



& <srcML>

srcML.org | Discord server

HOME

DOWNLOAD

ABOUT

TOOLS DOCUMENTATION TUTORIALS SUPPORT COMMUNITY

srcML

noun | srcM-L | \sOrs-em-el\

1 an infrastructure for the exploration, analysis, and
manipulation of source code.

2 :an XML format for source code.

3 : a lightweight, highly scalable, robust, multi-language
parsing tool to convert source code into srcML.

4 : a free software application licensed under GPL.










Running Stereocode

» Stereocode is a command-line tool that runs on a srcML formatted input

* The input, either an individual source code file or a full system, is converted

to srcML
* Then, Stereocode is run on that srcML:

srcml main.cpp -o main.cpp.xml

stereocode main.cpp.xml -o stereotypes.cpp.xml

» Stereocode needs to be compiled
= |tis developedin C++ and built via CMake
= |nstruction to compile and run are in the GitHub repo’

» Stereocode runs on Mac, Windows, and Linux

Thttps://github.com/srcML/stereocode


https://github.com/srcML/stereocode
https://github.com/srcML/stereocode
https://github.com/srcML/stereocode
https://github.com/srcML/stereocode

sreML

* srcML formatis an XML
representation of the source code
that preserves all original
information

e srcmlis arobusttoolto convert
source code into XML (srcML)
format

* srcML currently supports C, C++,
C#, and Java
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Stereotyping Time vs Code Size
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Stereotyping Time vs Method Count
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Metrics

90th Percentile Variance Standard
Deviation

19.65307848  5.4942 0.6228 49.53 1981.120435 44.5097791
0.217
1.9803
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