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Motivation

Presentation Layer = 77

1

Business Layer

1

Persistence Layer

1

= |IDE
» UML modelling tools (Visual Paradigm, ...)

= |IDE
» UML modelling tools (Visual Paradigm, ...)

= ERM modelling tools
= Microsoft Visio
= Visual Paradigm

Database
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Relevance of Research

= A lot of research is going on
= Pattern-based reverse-engineering of design components
= Reverse Engineering of Graphical User Interfaces
= Towards automated support for extraction of reusable components
= User Interface Reverse Engineering in Support of Interface Migration to the Web

= What about the web?
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Development Process

Q1: What is a view model of a web component?

Define
View Model

Future work

Develop
Extraction Process

Evaluation
Q3: How do existing
technologies support
the model extraction
process?

Q2: How can a model

_ be extracted from
Implementation existing web components
code snippets?
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User Interface Modeling Language (UIML)

<interface>
= XML-based markup <structure> .
<part id="TopHello">
<part id="hello" class="helloC"/>
language Bheris
</structure>
= 15 years old <style>
. <property part-name="TopHello" name="rendering">Container</property>
u :>£3() EBr]tltlEBS; <property part-name="TopHello" name="content">Hello</property>
<property part-class="helloC" name="rendering">Text</property>
<property part-name="hello" name="content">Hello World!</property>
</style>
</interface>
<peers> ... </peers>
</uiml>
Device / Platform Data Sources
N N
|
| | | | |
¥ Interface ¥
Presentation ¢ > ¢ - Logic
Structure
Content
Style
— Behaviour

UIML4.0 specification, http://docs.oasis-open.org/uiml/v4.0/cd01/uiml-4.0-cd01.pdf
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A more up-to-date Model

Component
Structure Content Style Behaviour
DOM i18n Attributes Events
Dependencies Text Life cycle

Adapted from UIML4.0 specification, http //docs.oasis-open.org/uimi/v4.0/cd0 1/uiml-4.0-cd01.pdf, 2008

161205 Andreas Tielitz




A more up-to-date Model

Component
1 name : String
1 0..” 1 1
Structure Content Style Behaviour
id : String
o..*? 0..*? 0“? o..*?
AbstractPart Constant Property Rule
—<id : String id : String id : String
class : String value : String name : String
AN value : String
parts | e e e e e e e e e e type : String
l e e e e - - -

I
: Condition Action
|
|

V: Reference Part :
| 1 0..*
| Event Call
Lo e e oo 2 class : String componentld : String

partName : String methodld : String
X
0--*
Param

name : String
value : String

161205 Andreas Tielitz



Extraction Process

Extraction
Process /
Source Code
View Model
Extraction Process
Information Model
AST Extraction Genel’ation
Semantic Analyser Information Base View Composer

E. J. Chikofsky and J. H. Cross, "Reverse engineering and designrecovery: a taxonomy,"in IEEE Software, vol. 7, no. 1, pp. 13-17, Jan. 1990.
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Limitations

ECMAScript 5 JavaScript + JSX
1 file per component definition
Dependencies: import statements with “import React from ‘react

I

+ Framework / library specific limitations

// React // React
var component = React.createClass({...}); class MyCompo act.Component { ... };
// Angular // Angular | |

var foo = angular. ( 'myModule');

angular.module( 'myModule')

.component( 'component', {...}); var myComponent =

foo.component (myCo:

«e})i

// Polymer
// Polymer
Polymer({...}); var foz = {...

Polymer (def)

161205 Andreas Tielitz © sebis 11
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Semantic Analyser

Semantic Analyser

Y

Source Code Pre-processing

Unified Code

import React from ’react’;
import SecondComponent from ’second-component’;

React.createClass ({ SyntaCthal Parser
displayName: ’ComponentName’,
propTypes: {

/] ...

), Complete AST

componentDidMount: function () { ... },

Y

Y

render: function () {

return ( POSt-pI'OCQSSmg

<div>
<SecondComponent />

Y

Relevant AST

</div>
);
}
B;

161205 Andreas Tielitz
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Information Extraction

Rule 1

Relevant AST Dispatcher

A
Y

Y

Store
v Rule n

Information Base

v

l?

'
1y
‘ B

Information Base
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Model Generation

161205 Andreas Tielitz

Information Base

View Model

ComponentNameExtractor

ComponentRenderHtmlExtractor

Y

Component

ComponentProptypesExtractor

ComponentDefaultPropsExtractor

Structure

ComponentRenderPropsExtractor

ComponentRenderBehaviourExtractor

Style

Content

ComponentLifeCycleExtractor

A

Behaviour

15




Example View Model — HelloReact Project

- Component

H el IO ReaCt1 name = Hello|React

e

class = div —id = 586f587b class = componentWillMount
| value =""
[ | ]
_ Part Part ~Beference +Property methodld = componentWillMount
- class = div class = div class = SdcondComponent —1id = e80105f5
id = f9c4a825 id = body id = {78443 value = this.props.name :Bule | |:Condition ~Event
partName = f9c4a825
i 11140 class = onClick
~Pad ~Part —— id = acz244for — :
class = img class = p value ="!"
methodld = greet
- Property
Part 1 name = greeting | Bule | | ~Condition || - Event
id = 6ee941ca value = true class = componentDidMount
- Part ~Property - Event
Hello Hello ReaCt’ id = 586f587b “— name = name — ] class = componentWillReceiveProps
. value = "Dummy"
H 11 JSX' P class =i id = e80105f5 class = shouldComponentUpdate
ello, ! ;
id = 3c24460f 1 " —
class = componentWillUpdate
| class = componentDidUpdate
class = componentWillUnmount

1 https://github.com/tielitz/columbus-react-example
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Columbus

https://dev.thr3.de/columbus

Columbus

JavaScript Code Model

IMPORT CONTENTS SYNTAX TOKENS INFO BASE DEPENDENCIES MODEL

Github Owner * 1-[{

tastejs 2~ "examples/react/js/app.jsx": {
3 "type": "Program",
4~ "body": [
Github Repository * B {
6 "type": "ExpressionStatement",
todomve 7~ "expression": {
8 "type": "Literal",
9 "value": "use strict",
Github SHA 10 "raw": "'use strict'"
HEAD 11 3},
12 "directive": "use strict"
13 b
Regex 14 ~ {
Aexamples/react/."\.jsx$ 1‘; ..gzifa'mt\ilggl‘,’,t.’l‘EDEdamuon ’

18 "type": "VariableDeclarator",
19~ "id": {
20 "type": "Identifier”,
21 "name": "app"
22 },
23~ "init": {
24 "type": "LogicalExpression",
25 "operator": "II",
26~ "left": {
27 "type": "Identifier",
28 "name": "app"
29 1,
30~ "right": {
31 "type": "ObjectExpression",
32 "properties": []

Andreas Tielitz © sebis 17



Columbus Process

[Extraction Process N

( <<structured>>
Loop

|
I
| | g
' next file |
I
I
I

\L ]
Eetch GitHub contentQ% Repository contents |———>, C Semantic analyser ) ——= Information base Model generation

I

|

| ®
Gformation extractioa |

|

I

|
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Columbus sebis

Live Demo
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TodoMVC

- Todo application http:/[todomvc.com

* |Implemented 64 times in various
MV* frameworks

* React M
yTodo1
http://todomvc.com/examples/react/ Todoltem
Myfodo2 Todoltem

] Polymer 2 items left All Active Completed
http:/todomvc.com/examples/polymer/

= AngulardS
http://todomvc.com/examples/angularjs/ TodoApp

161205 Andreas Tielitz ©sebis 22



omparison: View Model TodoApp React

name = TodoApp

_Part —Property
class = div id =at
value = "todos"

~Event

partName = a2
class = onKeyDown

| l‘ | ‘\mh el |

ame = model ‘ methodid = hand\eNewTodoKeyDown‘

class = header class = section class = TodoFooter ~Property | | partName = a2
id = a4 [~| name = nowShowing class = onChange

value = app.ALL_TODOS
[ < ‘

~Part ~Part ~Part ~Part | ‘ methodld = handleChange ‘
class = h1 class = input class = input class = ul
d = a2 d = a3
‘ id = a id = a .
—Parl ‘ partName = a3
. class = onChange
id =at Beference
class = Todoltem [ ~Action [ ~Call |
id = a5 ‘

—‘ methodid = toggleAll ‘

“Rule Condition “Event
partName = a4

componentWillMount N class = onClearCompleted

componentDidMount

componentWillReceiveProps

shouldComponentUpdate
Jpdat

“_Ammn‘i‘ ol \

‘ ‘melhudld = clearCompleted ‘
componentDidUpdate
componentWillunmount

Bule | [ Condition ZEvent

partName = a5
class = onToggle

| | methodld = toggle [ value = todo|
“Rule Condition ZEvent
[ | partName = a5
class = onEdit
| ‘memodld = edit ﬂ value = todo]
TRule Condition “Event

partName = a5
class = onDestroy

‘memod\d = destroy ﬂ value = mdo‘

ZEvent

partName = a5
class = onCancel

‘melhodld = cancel ﬂ value = lodo‘
“Event

partName = a5
class = onSave

‘melhndld = save ﬂ value = mdo‘
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Comparison: View Model TodoApp React
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Results of Evaluation

= TodoMVC React

Correct Incorrect Missing Total Rate

Parts 32 2 2 36 88%
References 1 1 2 0%
Properties 24 1 2 27 88%
Behaviour 16 16 100%
Life cycle 21 21 100%

= Comparison: TodoMVC Polymer

Correct Incorrect Missing Total Rate

Parts 51 51 0% N
References 3 3 0%
Properties 11 9 20 55% N
Behaviour 2 16 18 11% N
Life cycle 20 20 100%

161205 Andreas Tielitz ©sebis 25



Evaluation Results

Template |Life cycle |Events Properties | Dependen-
events cies

Teaot
Polymer X aa aa
Angular X i i iy

161205 Andreas Tielitz © sebis 26



Future Work

= Update view model based on evaluation

= Extend Columbus
= Add more rules
= Compiler for Polymer & AngulardS templates

= Add conventions T

View Model

Develop

Evaluation )
Extraction Process

Implementation

161205 Andreas Tielitz © sebis 27



sebis

Technische Universitat Minchen
Department of Informatics
Chair of Software Engineering for

. ne Business Information Systems
Andreas Tielitz y

Boltzmannstralle 3
85748 Garching bei Miinchen



Columbus — Demo

Columbus

JavaScript Code Model

IMPORT CONTENTS SYNTAX TOKENS INFO BASE DEPENDENCIES MODEL

Github Owner * 1-[{

tastejs 2~ "examples/react/js/app.jsx": {
3 "type": "Program",
4~ "body": [
Github Repository * Siv {
6 "type": "ExpressionStatement",
7~ "expression": {
8 "type": "Literal",
9 "value": "use strict",
Github SHA 10 "raw": "'use strict'"
HEAD 11 1,
12 "directive": "use strict"
13 1,
Regex 14~ {
A i 15 "type": "VariableDeclaration",
examples/react/.*\.jsx$ 16+ "declarations”: [
17~ {
18 "type": "VariableDeclarator",
19~ "id": {

PARSE 20 "type": "Identifier",
21 "name": "app"

22 },

23~ "init": {

24 "type": "LogicalExpression",
25 "operator": "II",

26~ "left": {

27 "type": "Identifier",

28 "name": "app"

29 1,

30~ "right": {

31 "type": "ObjectExpression",
32 "properties": []

33 }

34 }

35 }

todomvc

Andreas Tielitz ©sebis 29




Columbus — Demo

Columbus

JavaScript Code

IMPORT CONTENTS

Repository directory structure

Selected file examples/react/js/app.jsx

examples/react/js/app.jsx

examples/react/js/app.jsx

/*jshint quotmark:false */
/*jshint white:false */
/*jshint trailing:false */
/*jshint newcap:false */
/*global React, Router*/
var app = app || {};

+ (function O {
'use strict';

app.ALL_TODOS = 'all’;

app .ACTIVE_TODOS = 'active';

app .COMPLETED_TODOS = 'completed';
var TodoFooter = app.TodoFooter;
var TodoItem = app.TodoItem;

var ENTER_KEY = 13;

PREPRRPRERERPE
CONOUAWNRPOSWOWONOUTAWNR

19~ var TodoApp = React.createClass({

20~ getInitialState: function ) {

21~ return {

22 nowShowing: app.ALL_TODOS,

23 editing: null,

24 newTodo: "'

25 1

26 1,

27

28 ~ componentDidMount: function () {

29 var setState = this.setState;

30~ var router = Router({

31 '/': setState.bind(this, {nowShowing: app.ALL_TODOS}),
32 "/active': setState.hind(this.

Matthes Slides sebis 2

Model

SYNTAX TOKENS INFO BASE DEPENDENCIES MODEL

107 "TodoApp": []

108 },

109 ~ "ReactComponentRenderHtmlExtractor": {

110 ~ "TodoApp": {

111 "type": "HtmlExpression",

112 "value": "div",

113 "uniqid": "94a6fb63-ec3f-a6a0-0af7-2fb58b662d2e",
114 ~ "children": [

115~ {

116 "type": "HtmlExpression",

117 "value": "header",

118 "unigid": "f4d76749-916f-149a-a7el-48e836faf277",
119~ "children": [

120 ~ {

121 "type": "HtmlExpression",

122 "value": "h1",

123 "unigid": "e9a0c@6b-b@90-b0es-f700-1c9cdd4ee34b",
124 ~ "children": [

125~ {

126 "type": "Literal",

127 "value": "todos"

128 }

129 ]

130 },

131~ {

132 "type": "HtmlExpression",

133 "value": "input",

134 "unigid": "al9a5855-1315-720f-c3f9-672069b160af"
135 }

136 ]

137 3},

138 "Unknown type: Identifier",

139 "Unknown type: Identifier"

140 ]

141 }

142




Columbus — Demo

Model
SYNTAX TOKENS INFO BASE DEPENDENCIES MODEL
450 "params": []
451 }
452 ]
453 1,
454 ~ "ReactComponentDependencyExtractor": {
455 "TodoItem": []
456 1,
457 ~ "ReactComponentRenderPropsExtractor": {
458 ~ "TodoItem": [
459 ~ {
460 "name": "todo"
461 1,
462 ~ {
463 "name": "editing"
464 1,
465 ~ {
466 "name": "todo"
467 1,
468 - {
469 "name": "onToggle"
470 1,
471 ~ {
472 "name": "todo"
473 1,
474 ~ {
475 "name": "onDestroy"
476 }
477 ]
478 1,
479 ~ "ReactComponentRenderStyleExtractor": {
480 "TodoItem": []
481 },
482 ~ "ReactComponentFunctionReturnValueExtractor": {
483 ~ "TodoItem": {
484 "handleSubmit": [],

Model

SYNTAX

542 ~
543 ~
544 ~
545
546 ~
547 ~
548
549
550
551
552
553 ~
554
555~
556 -
557
558
559
560
561
562 ~
563
564 ~
565 ~
566
567
568
569
570
571~
572
573 -
574 ~
575
576

TOKENS INFO BASE DEPENDENCIES

“React(omponentRenderBehaviourExtractor”: {

"TodoItem": [
{
"element": "input",
"properties": [
{
"event": "onChange",
"action": "this.props.onToggle"
3
]
}’
{
"element": "label",

"properties": [

"event": "onDoubleClick",
"action": "this.handleEdit"
}
]
1,
{
"element": "button",
"properties": [
"event": "onClick",
"action": "this.props.onDestroy"
}
]
})
{
"element": "input",
"properties": [
{
"event": "onBlur",
"action": "this.handleSubmit"

MODEL

Andreas Tielitz © sebis



Columbus — Demo

Model

SYNTAX TOKENS INFO BASE DEPENDENCIES MODEL

1~

2~ "components": {

3~ "TodoApp": {

4~ "structure": {

S5+ "parts": [

6~ {

7 "_entity": "part",

8 "id": "Secffd58-4855-5801-9a0b-8eb32ba69163",
9 "className": "div",

10~ "parts": [

12 "_entity": "part",

13 "id": "2d20eb43-50b7-e13f-9d3a-55a1501e5a42",
14 "className": "header",

15~ "parts": [

16 - {

17 "_entity": "part",

18 "id": "1d0@f855-d9b1-83bc-4d9b-6b92139eddcc",
19 "className": "h1",

20~ "parts": [

21~ {

22 "_entity": "part",

23 "id": "@cb66882-85ee-15el1-5d9d-5286ea0d92d0"

25 ]

26 1,

27 ~ {

28 "_entity": "part",

29 "id": "cfle2466-d7d3-ccd6-7492-8c5d7c43c3a0",
30 "className": "input"

32 ]

33 1,

34~ {

35 "_entity": "part",

Andreas Tielitz

Model
SYNTAX TOKENS INFO BASE DEPENDENCIES
=0 o
188 ~ {
189 "_entity": "rule",
190 ~ "condition": {
191 "_entity": "event",
192 "class": "onSave",
193 "partName": "TodoItem"
194 1,
195 ~ "actions": [
196 ~ {
197 "_entity": "call",
198 "componentId": "this",
199 "methodId": "save",
200 ~ "params": [
201 ~
202 "type": "ThisExpression",
203 "value": "this"
204 },
205 ~ {
206 "_entity": "param",
207 ~ "value": {
208 "_entity": "property",
209 "partName": "todo"
210 }
211 }
212 ]
213 }
214 ]
215 },
216 ~ {
217 "_entity": "rule",
218 ~ "condition": {
219 "_entity": "event",
220 "class": "onCancel",
221 "partName": "TodoItem"
222 1

MODEL

32




View model missing here

“Par “Property “Event
class = div [~id = 4b6afbds partName = 069de051
id = 7ec6d974 name = "todos" class = onToggle
[ Popay ] =Call | [ <Pacm |
\ methodis ~toggie | [vatus = o]
class = header id = 802b3f1 id = 06091929 ~Property ~Event
id = cf00t3b0 name = nowShowing partName = 069de051
’—‘—‘ class = onDestroy
T T ] N
= editing methodld = destroy | | value = todo
class = h1 class = input
id = 16845658 id = d3a93c85 -
< Property —Event
‘ name = newTodo partName = 069de051
Bart value = class = onEdit
id = 4b6afbd3 iGall | [ Pacm |
methodld = edit | [vatue = 00|
Additional extracted behaviour rules E
@ componentWillMount
® componentDidMount partName = 069de051
® componentWillReceiveProps  |----------- class = onSave
@ shouldComponentUpdate
® componentWillUpdate & B
® componentDidUpdate ‘ ‘ ‘
® componentWillunmount methodld = save [ [ vatue = todo]
“Event’
partName = 069de051
class = onCancel
~Gall | [ pamm |
methodid = cancel | | value = todo
_Event
partName = d3a93c85
class = onKeyDown

Call

methodld = handleNewTodoKeyDown ‘

TRule _Condition Event
[ partName = d3a93c85

class = onChange

‘ ‘ [methodld = handleChange

partName = ccde4f30

class = onClearCompleted|

‘ ‘ | methodld = clearCompleted |

Fuls Gondition “Event
partName = 109ce8f9

class = onChange

‘ ‘ ‘me(hod\d:(oggleAH \
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Columbus — Architecture

GithubRepositoryContainer <<use>>
-metaData : string]] AstParser AstHelper
o <<use>> - e ----- > . - —
-tree : string[] R > +parse(code : string) : Ast - +extractExpression(expr : Ast) : string
1
A | |
1 1 !
1 1 :
1 1
GithubEndpoint <<Use>> = .AngtrI. - ! <<use>> TokenParser X
-] -informationBase : string[] = = = == = - - t------- Dl parse(code : string) : Ast() I
-componentModel : string[] : !
T T I :
1 1 1 1
<<use>>! ! 1 1
I I | |
1 1
: ! | <<uses> JsxParser \
AbstractModelGenerator | | TTTTTToo >+transform(code : string) : Ast()() :
+generate(informationBase : string []) : string [] < ---- :<<use>> !
+createDependencyGraphModel(informationBase : string []) : string [] : :
| ! |
1 | 1
I<<use>> | :
: : 1
I | 1
1
ComponentModelContainer SharedModelExtractorChain Ast - :
-models : ComponentModel[] -extractors : AbstractExtractor[] +queryAst(query : string) : Asti<z - - -
= = +getComponents() : Ast []
+apply(input : Ast) : string [] A
ReactAst PolymerAst AngularAst
0..* 0..*
ComponentModel AbstractExtractor
-name : string +extract(input : Ast) : string []

-structure : string[]
-behaviour : string[]
-style : string[] FilelmportExtractor

-content : string(]

AbstractComponentBasedExtractor
+extractFromComponent(component : Ast) : string [

reas Tielitz




Columbus — Overview

% AppCtrl GithubEndpoint JsxParser AstParser SharedModelExtractorChain AbstractModelGenerator
T T T T T T
Actor I I I I I I
1: parse (repo) | | | | | |
T 1.1: getTreeRecursively (repo) : : : : :
| | | | |
| | | | |
| . i | | | |
Il ZrreposioyTree | | | i
| | | | |
| | | | |
| 1 1 1 1
| >< | | | |
| | | | |
1 1 1 1 |
loop | | | |
_T) | | | |
I| [repositoryTree.hasNext()] | | | |
| | | | |
| | | | |
| 1.3: transform (fileContents) | | | |
| | | |
| | | |
: 1.4: transformedSourceCode | | |
—————————————————————————————— | | |
| | | |
| | | | |
| 1.5: parse (transformedSourceCode) | | | |
| 4 | |
| | | |
| 1.6: ast | | |
< N | |
| | | |
| | | | |
| 1.7: apply (ast) | | 1 1
| t t |
: 1.8: informationBase : : :
] Sttt Q= ——- ittt |
| | | |
1 1 1 1 |
| | | | |
| | | | |
| |
! X X X !
| |
| |
: 1.9: generate (informationBase) |
|
| 1.10: componentModel
e<~——————-—-——
|
| 1.11: createDependencyGraphModel (informationBase)
|
: 1.12: dependencyGraphModel
1.13: model | S
—————————— | I
4 |
| |
i ! X
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Columbus — GitHub

AppCtrl GithubEndpoint GitHub API
Actor : : :
| | |
1: fetch(owner, repo, sha, regex) : : :
M | |
| | |
|| 1.1: getTreeRecursively(owner, repo, sha, regex) | |
| rh 1.1.1: GET owner, repo, sha |
| |
| |
| | 1.1.2: repositoryTree
| <--——""—""—""—"—"—"—"——--
| |
| | |
: : 1.1.3: constructor(repositoryTree) : N GithubRepositoryContainer
| (|
| I ! T
I | | |
| I T }
. [loop/ i . !
| o |
| [reposnoryTree.hasNext()] 1.1.4: next() | Jl_
I I } | g
| | 1.1.5: file |
I ]RSO Eh S A I — |
| | |
I | 1.1.6: GET contents(file) I :
| |
|
: : 1.1.7: contents |
| 15 St |
| | |
: : 1.1.8: setContents(file, contents) : |
| | [ ’:
| 1 |
I I I i
| | | |
: : 1.1.9: filter(regex) : :
| | t »L
| [ ' |
| 1.1.10: githubRepositoryContainer | | |
I[Ke— e — — I I |
| [ ' |
| W ' |
iB | |
|
i I X | .
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Columbus — Information Extraction

SharedModelExtractorChain ReactComponent ReactComponentProptypes
NameExtractor Extractor

| | R | R
| | A | \\
J_ : extends : h
| 1: extract(input) | AbstractExtractor | extends
I I AbstractComponent
: 1.1: extractedInformation : BasedExtractor
| ST |
| | |
| | |
! | |

loop) i i
: [component in ast.getComponents()] : :
| | |
| | |
| | |
I 2: extract(component) I I
| t
: 2.1: extractedInformation :
K ———— = ———— = B
| |
| | |
| | |
| | |
i i i
| | |
| | |
| | |
| | |
| | |
| | |
| | |
L | |
| | |
I I I
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Columbus — Model Generation

AbstractModelGenerator

| 1: createModelContainer() ComponentModelContainer

_____________________________>

Ioop)

[component in informationBase.ComponentDependencyExtractor]

2: addComponentModel(componentModel)

2.1: componentModel

K —————

3: addDefaultLifeCycleBehaviourRules(componetModel)

loop)

[information in informationBase]
4: getComponentModel(information.component)

|
|
|
|
|
1
|
]
|
|
|
|
|
4.1: componentModel
€
|
|

5: updateComponentModel(componentModel)

5.1: componentModel

K ——————

6: toObject()

6.1: containerObject

K —————
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