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/**
* Draws the NullHandle. NullHandles are drawn as a

* red framed rectangle box.
4
public void draw(Graphics g) {
Rectangle r = displayBox();

g.setColor(Color.black);
g.drawXORRect(r);
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g.setColor(Color.black);
g_dranORRect(r),
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* Draws the NullHandle. NullHandles are drawn as a
* red framed rectangle box.
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public void draw(Graphics g) {
Rectangle r = displayBox();

g.setColor(Color.black);
g.drawXORRect(r);
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g.drawXORRect(r);
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* Draws the NullHandle. NullHandles are drawn as a
* red framed rectangle box.
o/
public void draw(Graphics g) {
Rectangle r = displayBox();

g.setColor(Color.black);
g.drawXORRect(r);
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* Draws the NullHandle. NullHandles are drawn as a
* red framed rectangle box.
o’ g
public void draw(Graphics g) {
Rectangle r = displayBox();

g.setColor(Color.black);
g.drawXORRect(r);

BEEE s . Normalization

S—




IR ~OR NATUSAL LANGUAGE

1. Tokenization

Draws, the, are,
NullHandle,

DOX, T, EEEE 4 2. Normalization

Rectangle, g,
Graphics,
box,
displayBox,

S k*

* Draws the NullHandle. NullHandles are drawn as a

"

* red framed rectangle box.

public void draw(Graphics g) {
Rectangle r = displayBox();

g.setColor(Color.black);
g.drawXORRect(r);
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* Draws the NullHandle. NullHandles are drawn as a
* red framed rectangle box.
*/
public void draw(Graphics g) {
Rectangle r = displayBox();

g.setColor(Color.black);
g.drawXORRect(r);
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* Draws the NullHandle. NullHandles are drawn as a
* red framed rectangle box.
*/

public void draw(Graphics g) {

1 Tokenization Rectangle r = displayBox();

g.setColor(Color.black);
g.drawXORRect(r);
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* Draws the NullHandle. NullHandles are drawn as a

W

* red framed rectangle box.

public void draw(Graphics g) {

1 Tokenization Rectangle r = displayBox();

Draws, the, are, 4

NullHandle,
DOX, T, EEE L 2. Normalization

Rectangle, g,

Graphics, :

box, ,+"1. Change to Lower case
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g.setColor(Color.black);
g.drawXORRect(r);
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Implicit assumption: The “same” words are used whenever a

particular concept is described
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* Draws the NullHandle. NullHandles are drawn as a
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* red framed rectangle box.

public void draw(Graphics g) {

1 Tokenization Rectangle r = displayBox();
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* Draws the NullHandle. NullHandles are drawn as a
* red framed rectangle box.
o/
public void draw(Graphics g) {
Rectangle r = displayBox();

g.setColor(Color.black);
g.drawXORRect(r);
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* Draws the NullHandle. NullHandles are drawn as a
* red framed rectangle box.
o' d

, ; public void draw(Graphics g) {
1. Tokenization é'_ Rectangle r = displayBox();

g.setColor(Color.black);
g.drawXORRect(r);

1
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null, handl,
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» display_box ==>display | box PR -
camelCase/PascalCase Splitter: r’ (?<!”) ([A-Z][a-z]+) '

* displayBox ==>display | Box
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/**
* Draws the NullHandle. NullHandles are drawn as a
* red framed rectangle box.

*/
public void draw(Graphics g) {
Rectangle r = displayBox();

g.setColor(Color.black);
g.drawXORRect(r);
}

w———:
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/**
* Draws the NullHandle. NullHandles are drawn as a
* red framed rectangle box.
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public void draw(Graphics g) {
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g.drawXORRect(r);
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/**
* Draws the NullHandle. NullHandles are drawn as a
* red framed rectangle box.

*/
public void draw(Graphics g) {
Rectangle r = displayBox();

g.setColor(Color.black);
g.drawXORRect(r);
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drawXORRect ==>drawXOR | Rect

drawxorrect ==> NO SPLIT
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/**
* Draws the NullHandle. NullHandles are drawn as a
* red framed rectangle box.

*/
public void draw(Graphics g) {
Rectangle r = displayBox();

g.setColor(Color.black);
g.drawXORRect(r);
}
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 Heavy use of Abbreviations in the source code
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/**
* Draws the NullHandle. NullHandles are drawn as a
* red framed rectangle box.

*/
public void draw(Graphics g) {
Rectangleﬂ;uf displayBox();

g.setColor(Color.black);
g.drawXORRect(r);

W——:

 Heavy use of Abbreviations in the source code
e rect as for Rectangle

e 1ras for Rectangle
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/**
* Draws the NullHandle. NullHandles are drawn as a
* red framed rectangle box.

*/
public void draw(Graphics g) {
Rectangleﬂ;mf displayBox();

g.setColor(Color.black);

1 g.dranORRegt(r);
w-——-r

 Heavy use of Abbreviations in the source code
e rect as for Rectangle

e 1ras for Rectangle
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* Draws the NullHandle. NullHandles are drawn as a

* red framed rectangle box.
' gl

, ; public void draw(Graphics g) {
1. Tokenization é'_ Rectangle r = displayBox();

g.setColor(Color.black);
g.drawXORRect(r);

draw, the, are, ,

15 " null, handl,
1.5 Identifier e
: 2. Normalization |kt
Mapping rectangl, g,
graphic,
box,
SAMURAI (Enslen, et.al , 2011) display, box,
TIDIER (Guerrouij, et.al , 2011)
—

GenTest+Normalize (Lawrie and Binkley, 2011)

AMAP (Hill and Pollock, 2008)
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* Novel technigue for the Identifier Mapping

* Based on an efficient String Matching technique:

Baeza-yates&Perlberg Algorithm (BYP)
* Applied on a Graph-based model

 Able to both Split Identifiers and Expand possible occurring

abbreviations
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/**
* Draws the NullHandle. NullHandles are drawn as a
* red framed rectangle box.

4
public void draw(Graphics g) {
Rectangle r = displayBox();

g.setColor(Color.black);
g.drawXORRect(r);
1
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* Draws the NullHandle. NullHandles are drawn as a
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There could be multiple and equally correct splitting or
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/**
* Draws the NullHandle. NullHandles are drawn as a
* red framed rectangle box.

public void draw(Graphics g) {

Rectangle r = displayBox();
g.setColor(Color.black);
g.drawXORRect(r);

}
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e ras for Rectangle OR red
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« NODES correspond to characters of the current identifier
« ARCS corresponds to matchings between identifier substrings

and dictionary words
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Model: Weighted Directed Graph Example: drawXORRect identifier |
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« NODES correspond to characters of the current identifier

« ARCS corresponds to matchings between identifier substrings

and dictionary words

o Application of the String Matching Algorithm (BYP)

GRAPH VODE
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“p” C-MAX “a”  C-MAX
------- ) -

"

Example: drawXORRect identifier |
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c‘O,’,C—MAX @

“draw”,c(“draw”)
<:]§::>

«
“rectangle”,c(

and dictionary words

GRAPH VODE

rectangle”)

« NODES correspond to characters of the current identifier
« ARCS corresponds to matchings between identifier substrings

o Application of the String Matching Algorithm (BYP)

o Padding Arcs to ensure the Graph always connected
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“p” C-MAX “a”  C-MAX

«0” C-MAX

(13

“draw”,c(“draw”)

rectangle”)

49
«pectangle”,<C

o Every Arc is Labelled with the corresponding dictionary word

o Weights represent the “cost” of each matching

* Cost function [ c(“word”)] favors longest words and words coming

from the application-aware dictionaries

GRAPH VODE
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“p” C-MAX “a”  C-MAX “0” , C-MAX

o Ihe final Mapping Solution corresponds to the sequence of labels in the

path with the minimum cost (Djikstra Algorithm)

GRAPH VODE
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* Application of the Baeza-Yates and Perlberg (BYP) Algorithm

* Signature: BYP(1dentifier, word, @(word))
 1dentifier: target string
* word: string to match
 (-): Tolerance (Error) function
* Bounds the length of acceptable matchings

Advantage: Use the same algorithm for both the splitting and

the expansion step with different input 7olerance function
T —  ———
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BYP(identifier, word, @s,it(word)) Identifier:
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- BYP(identifier, word, @sp1ic(word))

(Psplit Exact Matching (i.e., No Errors allowed)
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the, echo, {

= testing,

Eglnale threading,

box, Xpim,

red, XOT,
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—
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....... » -
3 £ >

g L 4 -, S.
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‘ | | ' 4
.p ) ‘ \ .;\ 4 4
V4
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Identifier:
drawXORRect
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raw

“0”,C-MAX
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- BYP(identifier, word, @sni:(word)) Identifier:
: . drawXORRect
Psp1it - Exact Matching (i.e., No Errors allowed)
S — —————
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- BYP(identifier, word, @s,ic(word)) Identifier:
. drawXORRect
Pspiit . Exact Matching (i.e., No Errors allowed)
T — e ———
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+ BYP(identifier, word, @sxi:(word)) Identifier:
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- BYP(identifier, word, @sni:(word)) Identifier:
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- BYP(identifier, word, @sni:(word)) Identifier:
. drawXORRect
Psp1it - Exact Matching (i.e., No Errors allowed)
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Wexp . Approximate Matching
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- BYP(identifier, word, @e,(wWord)) Identifier:
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“draw”,c(“draw”)
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“draw”,c(“draw”)
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SAESEARCH
QUES TIONS

* RQ1:
How does LINSEN compare with state-of-the-art approaches as for the splitting of

identifiers?

* RQ2:
How does LINSEN compare with state-of-the-art approaches as for the mapping

of identifiers to dictionary words?

* RQ3:
What is the ability of the LINSEN approach in dealing with different types of

abbreviations?



DTW (Madani et. al 2010)

GenTest+Normalize (Lawrie and Binkley, 2011)

LUDISO Dataset
(2012)

15 out of 750 software systems
Covering the 58% of total identifiers

AMAP (Hill and Pollock, 2008)

- ol U

4 Ids in
System Version Oikite KLOC
JHotDraw 5:1 957 16
Lynx 2.8.5 3,085 174
azps 4.14 211 6
which 2.20 487 174
Mozilla-source 1.0 573 4,595
MySQL 5.0.17 194 2,028
Cinelerra 2.0 191 3,533
eMule 046 92 262
Quake3 1.32b 80 705
Gece 2.95 70 1,289
Ghostscript 7.07 66 437
Samba 3.0.0 49 662
Asterisk 1.21 44 459
Minux 2.0 31 334
Mozilla-source 1.3 29 11,458
Mozilla-source 1.2 28 4,681
Mozilla-source 1.4 27 4,710
Mozilla-source 13 24 4,676
Httpd 2.0.48 22 558
Azureus 3.0 551 2,682
iText .Net 14.1 751 3,380
Liferay Portal 4.3.2 651 3,949
OOPortable 221 699 3,442
Tiger Envelopes 0.8.9 577 2,647

RQ1 and
RQ2

RQ1 only

RQ3 only
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HICS

Qualitative Evaluation:

Comparability of Results: Precision/Recall/F-1
Accuracy rate [Guerrovuj, et.al , 201 1]
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—VALUATION METRICS

Comparability of Results:
Accuracy rate

- __ —_— I

~ * |ldentifier Level evaluation:
Each mapping result must be completely |

correct As for the comparison with

GenTest+Normalize
(Lawrie and Binkley, 2011)

T — T

 Soft-word Level evaluation:

“Partial credit” given to each word correctly

mapped




Q1 SPLIT TING

W DIW
B LINSEN

1

0.75
Accuracy Rates for the
comparison with 0.5
DTW (Madani et. al 2010)
) : 0.25
0
DTW  LINSEN DTW  LINSEN
JhotDraw 5.1 Lynx 2.8.5
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Accuracy Rates for the

comparison with GenTest 0.7

(Lawrie and Binkley, 2011)

e— 0.525
® GenTest Soft-word Level 0.35
B LINSEN |
0.8
0.175
0.6
0
0.4
0.2
0

which 2.20 a2ps 4.14

LT TING
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B GenTest

B LINSEN

which 2.20 a2ps 4.14
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~Q2: MAPPING

|dentifier Level

Accuracy Rates for the

comparison with Normalize 0.6

(Lawrie and Binkley, 2011)

L e— — 0.45
Soft-word Level

0.9 0.3

0.675 0.15
0.45 0
which 2.20 a2ps 4.14
0.225 B Normalize
| B Normalize B LINSEN
0 B LINSEN

which 2.20 a2ps 4.14
[



Q3 EXFPANSION

Accuracy Rates for the

comparison with

CW: Combination Words AC: Acronyms 4 AMAP (Hill and Pollock, 2008)
DL: Dropped Letters PR: Prefix I — T ——
0O0: Others SL: Single Letters
PRERre—— | B AMAP
B LINSEN
0.9
0.675
0.45
0.225




CONCLUSIONS

e
* Drans the Nulldandle. NullMondies are drown as @
* red fromed rectongle box
.
i public void dron(Graphics ¢g) (

1. Tokenization Rectangle r = displayBon();

9.setColor(Color. block);
9. dronX0RRect(r);

draw, the, are ‘
null, handl

2. Normalization ST '
rectangl ¢,
graphic,

box,

1.5 Identifier

MAPPING

» SAMURAI
display, box,

» TIDIER . ‘
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Accuwracy Rates for the Idantfar Lavel

M GenTest
comparison with GenTest 07 B LINSEN
(Lawrie and Binklay, 2011)
0525
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B LINSEN
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0.175
086
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0.4 which 2.20 a2ps 4.14
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which 2 20 a2ps 414




CONCLUSIONS

g

* Draas the Nullbandle. Nulllondles are drown as o
g n'd framed rectongle box.

Mlic void dron(Graphics ¢) (
(_ Rectongle r = disployBox();

¢.setColor(Color.black);
9. dronX0RRect(r);

Model: Weighted Directed Grapt

1.5 Identifier
Mapping

MAPPING

(0 : €I

LU 7+ sAmuRAl - 0

L * TIDIER

— » GenTest+Normalize — -J <

= + AMAP m
I l l .

- + LINSEN O

TERMS IN
COMMENTS

TERMS IN

C( INTS Accuwracy Rates for the Idantfer Lavel
IMMENTS o m GenTest
mparison with GenTest 0.7 W LINSEN

h; ‘] IC Lft'L"‘-L 11 Il
L_‘.. e ] BINCe
MNirtic - Ly N 525
(108,315 Entries) Dictionaries | — ——— 0.525
‘ 8 GenTest Soft-word Level a5
’ o I LINSE
i - . | ' '

which 2.20 az2ps 4.1

(22,940 Entries)

(688 Entries)

which 2 azps 4.1




CONCLUSIONS

Pl
* Draas the Nullbandle. Nulllondles are drown as @
* red fromed rectongle box.

o/
public void dron(Graphics g) (
Rectongle r = displayBox();

Model: Weighted Directed Graph

9.setColor(Color.black); rein” c("rein™)
9. dronX0RRect(r); /" _‘_\'

¥ SRR,

I\JI

MAPPING
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1.5 Identifier S

Mapping
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ONCLUSIONS

Model: Weighted Directed Graph

S
* Drans the Nulilbondle. NullMondies are drown as @
* red fromed rectongle box.
o/
public void dron(Graphics ¢) (
Rectongle r = disployBox();

9.setColor(Color.black);
9. dronX0RRect(r);
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CONCLUSIONS

* Drans the Nulilbandle, NullHondies are drown as o
* red fromed rectongle box.
public void dron(Graphics ¢) (
<« Rectongle r = disployBox();

9.setColor(Celor.black);
9. dronXORRect(r);
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U TURE WORKS

Evaluation of the impact of each adopted dictionary on

the performance
Improve or change or add dictionaries

mprove the implementation of the prototype to speed up

the computation

Make use of parallel computation to process each

identifier in isolation
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