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Change tmpact Analysts
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 Software change impact analysis aums at estimating
the potentially tmpactea entities of a system duetoa |
proposed change [Bohner and Arnold ‘961
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adules/MtpMttp fliters.c (revision 83197)
oaules/MEpMttp fiiters.c (vorking copy)

WA SR M
char Yiap

it len;
/% 1 we send on Anteris response, we're no longer
* In o stote of supecting one,

.
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srver/protocol .

(revision 831997)
(vorking copy)

server/protocol ¢
-1682,6 +1682,7 W

ndr_pty 3
chor *stotus_Line = NULL:
request. rec *1n;

/% don't send interim response to MITP/1.8 Cliemt %/

it (r->proto.num < 1001) {
1m ‘. Qn‘\ 0. "

wrver/protocol ¢ (revision 831997)
server/protocol ¢ (working copy)
1682 .6 +1682,7 M4

dr_pty. x;
char *stotus_Line = NULL;
request. rec *1x

/% don't send interim response to MITP/1.8 Client %/

it (r->proto.num < 1001) {
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Related Work
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 Both relate to “corpus” processiing

—— — =

|

public void run(IProgressMonitor monitor) J//
S~

throws InvocationTargetException, g
InterruptedException( g
if (m_iflag == 0 ) pd
processCorpus (woniter, cpefk
else if ( m iFlag == Z ) 4

else

ocessQuery3tring(monitor):

1f (wonitor.isCanceled())
throw new InterruptedException("The long running

 Software change LA via information Retrieval
| [canfora and Cerula MSR'06] [Hill et al. ASE'0F]
[Kagdi et al. werRE'10] [Poshyvanyk et al. EMSE‘O]
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Related Work

modules/http/http_filters.c (revision 831987)
modules/http/http_filters.c (working copy)
-338,6 +330,10 Q¢

chor *tmp;

int len;

- serviyg/protocol.c  (revision 831987)
{working copy)

/* if we send an interim response, we're no longer
* in a state of expecting one.

*/

’

f->r-sexpecting_108 = 8; {

/¥ don't send interim response to HTTP/1.8 Client */

WOELSLAME LINEHTTP Pl iR ), CRUEIRLES o o6y o L1702, 14 qa
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Research Goal

'De\/eLop a novel | mpaot AwaLgsus (tA) approaoh
| that aolapts to specuﬁo mmw’cewa WCe SCenarios |
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f!w{ormatww Retnevat (IR), Latewt
|
| Semantie ndexing (LSI)

‘Mining Software Repositories (MSR),
[temset Miwiwg




Research Goal
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Scenarlo-Driven Approach

Default: Given a textual change regquest, an information |
Retrieval (IR) (e.g., Latent Semantic ndexing) is used to |
estimate the mea ct set. ]
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Scenarlo-Driven Approach

Default: Given a textual change request, an nformation
Retrieval (IR) (e.g., Latent Semantic Indexing) ts used to |
estimate the tmpact set.
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Scenario 1:

User provides a Verified
starting entity

===

/4 1f we zénd on Interim responsa, we're no longer
* in a state of expecting one.

*/

fosr-sexpecting_ 108 = 8;

op,.08t status Ling(WTTP_CONTINUE), CRLF i g
MLL: _ f—a-f'-”/

.




Scenarlo-Driven Approach

| Default: Given a textual change request, an information
Retrieval (IR) (e.g., Latent Semantic ndexing) is used to
estimate the tmpact set.
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Scenarlo 2:

User prov’wles an executlon
trace
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P \. ] readAndDispatch -- org.eclipse.swt.widgets.Display
; \ St Y| checkDevice -- org.eclipse.swt.widgets.Display
K 3 =" isDisposed -- org.eclipse.swt.graphics.Device
. \ ydrawMenuBars -- org.eclipse.swt.widgets.Display
i = ' unPopups -- org.eclipse.swt.widgets.Display
) ‘ilterMessage -- org.eclipse.swt.widgets.Display
— vindowProc -- org.eclipse.swt.widgets.Display
- ~vindowProc -- org.eclipse.swt.widgets.Control
NM_TIMER -- org.eclipse.swt.widgets.Control
nvindowProc -- org.eclipse.swt.widgets.Display
~vindowProc -- org.eclipse.swt.widgets.Control
NM_TIMER -- org.eclipse.swt.widgets.Control

fu | vindowProc -- org.eclipse.swt.widgets.Display
AN\

‘ Y windowProc -- org.eclipse.swt.widgets.Control

N\



Scenarlo-Driven Approach
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Default: given a textual change request, an Information
Retrieval (IR) (e.g., Latent Semantic ndexing) is used to

estimate the mea ct set.
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Scenarlo 3:

Both verified starting entity and
run-time information are available

 ——

readAndDispatch -- org.eclipse.swt.widgets. DIspiay
checkDevice -- org.eclipse.swt.widgets.Display
- N =" isDisposed -- org.eclipse.swt.graphics.Device
e le:. L === \ ydrawMenuBars -- org.eclipse.swt.widgets.Display
! >, - 3 ' unPopups -- org.eclipse.swt.widgets.Display
/% {f we send on Interim responsa, we're no longer 0 i ‘ilterMessage -- org.eclipse.swt.widgets.Display
* in a state of expecting one. : vindowProc -- org.eclipse.swt.widgets.Display
*/ ¢ ‘ - - ~vindowProc -- org.eclipse.swt.widgets.Control
f->r->expecting_100 = 0; ! NM_TIMER -- org.eclipse.swt.widgets.Control
~vindowProc -- org.eclipse.swt.widgets.Display
) ~vindowProc -- org.eclipse.swt.widgets.Control
NM_TIMER -- org.eclipse.swt.widgets.Control
vindowProc -- org.eclipse.swt.widgets.Display
-- org.eclipse.swt.widgets.Control

o098t status Ling (WTTP_CONTINUE ), CRLF ¥
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Approach ( =)
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alyzing textual tnformation via IR

1R (default): An
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sdules/MtpMttp rfliters.c (revision 83197)
odules/MtpMttp riiters.c (vworking copy)
s APk S LR
char "lap
it len;
/1 we serd on Antaris Tesponse, we 're no longer
* 1n o stote of sapecting one,

=

fsr-sexpecting 198 « 03

e = GRE.PASKERS(f->T-opool, AP_SERVER_PROTOCTL,
0P, 0ut stotig |4 "

Arver /protocol ¢ (revision 631997)
server/protocol ¢ {(vorking copy)
-1682 .6 +1682,7 W

ndr_pty X
char %stotus_Line « WULL

request. rec 1y
if (r-sproto.num < 1081) {
/* don't send interim response to MITP/1.8 Client &/

e, B S R )



Approach (IR+D3 w)
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(R+DYn: AwaLaziwg textual information via (R and
execution information via d Yna wmic ana Lgsis

= = — e ——

|

|

- org.eclipse.swt.widg
- org.eclipse.swt.graphics.Device
wMenuBars -- org.eclipse.swt.widgets.Display
Popups -- org.eclipse.swt.widgets.Display
ilterMessage -- org.eclipse.swt.widgets.Display
indowProc -- org.eclipse.swt.widgets.Display
ndowProc -- org.eclipse.swt.widgets.Control
A_TIMER -- org.eclipse.swt.widgets.Control
ndowProc -- org.eclipse.swt.widgets.Display
ndowProc -- org.eclipse.swt.widgets.Control
W_TIMER -- org.eclipse.swt.widgets.Control
ndowProc -- org.eclipse.swt.widgets.Display
-- .eclipse.swt.widgets.Control




Approach (IR+D5 w)

execution information via ol Yna mie anal Y

IR+ DYwn: Awangiwg textual information via (R and
sLs

-- org.eclipse.swx.widgets.;Displaf
org.eclipse.swt.graphics.Device

wMenuBars -- org.eclipse.swt.widgets.Display
org.eclipse.swt.widgets.Display

Popups --

tilterMessage -- org.eclipse.swt.widgets.Display
indowProc -- org.eclipse.swt.widgets.Display
ndowProc -- org.eclipse.swt.widgets.Control

W_TIMER -- org.eclipse.swt.widgets.Control
ndowProc -- org.eclipse.swt.widgets.Display
ndowProc -- org.eclipse.swt.widgets.Control
W_TIMER -- org.eclipse.swt.widgets.Control
ndowProc -- org.eclipse.swt.widgets.Display
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srver /protocol ¢ (revision 631997)
server/protocol ¢ {(vorking copy)
-1682 .6 +1682,7 W

ndr_pty X
char %stotus_Line = MULL:
request. rec 1y

if (r-sproto.num < 1081) {
/* don't send interim response to MITP/1.8 Client &/

e, B S R )
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Approach (I=R+ D'd nw+ stt)

| lR-I—DM nw+ Hist: Awangng textual waormatww via (R, execution |

| Lw{ormatww via 0!5 namie analysis, and mstorg via data mw\,w»g
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Approach (IR+Hist)
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odules/MtpMttp riiters.c (revision 83197)
odules/MtpMttp fliters.c (vorking copy)
3WE SR W
char "lap
it len;

/% 3 we serd on Anteris response, we 're no longer

* in 0 stote of sapecting one,

-~

far-senpecting 120 « 03

U = ORE PASICES(f-ar-apool, AP _SERVER PROTOCOL, * *,
0, 0ot stotug | p
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wrver/protocol . (revision 831997)
server/protocol ¢ (working copy)
-1682 .6 +1682.7 W

ndr_pty X
char %stotus_Line = MULL:

reouest.Tee *Ir;
if (r-sprote.num < 1081) {

/* don't send interim response to MITP/1.8 Client &/
W SR LR LR )

R+ Hist: Awangiwg textual information via (R and
historg via data mining

3 we serd on Anteris response, we're no longer
*1n o stote of supecting one,

sr-senpecting 120 « 03

O » ORE PASIOEs(f-sr-apool, AP_SERVER PROTOCOL, *
fe. gat atotua | LnedHTTP_CONTINLE ), CRLF,
2L =

wrver/protocol .6 (revision 83197)
server/protocol . (working copy)
-1682 .6 +1682.7 W

eyt x;
char %stotus_Line = MULL:

request.res *It
if (r-sproto.num < 1001) {

/% don't send tnterim response to MITP/1.8 Client /
e SR SR )
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Approach (IR+Hist)

e —

historg via data mining

i

heckDevice -- org.eclipse.swt. dgetSvalSplay
isDisposed -- org.eclipse.swt.graphics.Device

’LuerMessage --

R+ Hist: Awangiwg textual information via (R and
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* A ve send an Interis responae, ve're no longer

SN0 Mote of epecting one.
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f-af-sexpecting 102 « 8

Lap » e patrcot(f-ar-opool, AP_SERVER PROTOODL, * *,
gognt_stotus Line(HTTP_CONTINE), CR

~MenuBars -- org.eclipse.swt.widgets.Display
Jopups -- org.eclipse.swt.widgets.Display

org.eclipse.swt.widgets.Display
indowProc -- org.eclipse.swt.widgets.Display
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1dowProc -- org.eclipse.swt.widgets.Display
1dowProc -- org.eclipse.swt.widgets.Control
A_TIMER -- org.eclipse.swt.widgets.Control

ndowProc -- org.eclipse.swt.widgets.Display
rdowProc -- .eclipse.swt.widgets.Control




Approach (IR+Hist)
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historg via data mining

R+ Hist: Awangiwg textual information via (R and

* 1f v send on Anteris Tesponse, we 're no longer

* 1n o stote of sxpecting one,
o

fear-senpecting 120 « 03

0 » ORE PALICES(f-ar-apool, AP_SERVER PROTOCOL, * *,

odules/MtpMttp r1 10
odules/MtpMttp 115
3306 330,10 ™ 8%

B - 0;
L -ar-apool, AP _SERVER_PROT
[, 0t oty | o
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- -

- orgecnpse.swL:
- org.eclipse.swt.graphics.Device
~MenuBars -- org.eclipse.swt.widgets.Display

opups -- org.eclipse.swt.widgets.Display

org.eclipse.swt.widgets.Display

indowProc -- org.eclipse.swt.widgets.Display
/" ‘ndowProc -- org.eclipse.swt.widgets.Control
\_TIMER -- org.eclipse.swt.widgets.Control

,LuerMessage --

rdowProc --
1dowProc --

org.eclipse.swt.widgets.Display
org.eclipse.swt.widgets.Control

A_TIMER -- org.eclipse.swt.widgets.Control

ndowProc --
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wrver/protocol ¢ (revision 83197)
server/protocol .¢  (working copy)
~1652 6 «1682,7 W

oty 3
char %stotus_Line = WULL;

request rec *1x;
if (r-sproto.num < 1081) {

/% don't send interim responss to MITP/1.8 Client &/
W SR R

T ———

org.eclipse.swt.widgets.Display
.eclipse.swt.widgets.Control

wrver/protocol .6 (revision 83197)
server/protocol . (working copy)
-1682 .6 +1682.7 W

L= S
char *stotus_Line = NULL;

request. rec *1x
if (r-sproto.num < 1001) {

/% don't send tnterim response to MITP/1.8 Client /
v L L R
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lmpact AwaLgs'Ls -
Motivating Example

AVgOUML B #24F72:
“Wrong keyboard focus in settings dialog after close § reopen [...17 |
* 16 wmethods impacted by bug #2472

URL:

Summary: Wreong be )

Status whiteboard:
Attachments:
Issue 2472 deponds on:
ssue 2472 blocks:

ue activity | Format for printing

Jescription

,
‘\

| *IR (default): "“: *[R+DYn ,
ﬁ 2,16,320,... | 1,3,5,7%,11,12,14,29,... |

B——— - = e _ =




lmpact AwaLHsus case Stud 5

| Four OPEN. Source softwa re sgstcms na meLg
k Ar@oMMLJabRef JEst and mucommawoler

“* commuts L the verston mstorg u.scol as

‘y grouwal trwch L.e., actual meact sets

iwwleLg used metnos precbsww (faLse posutu\/es) reoaLL |
(faLse negatives), and f-measure (combination of \
preousww avwl recaLL) used for accumcg VLEASUYE

ArgoUML 148K

Jabref 2.6 F4K 1,429 11K 5K
JEdit 4.3 102K 1,069 2K 4K

muCommander 0.8.5 FeoK S5FF 4K 5K



mpact AwaLasls - Research Ruestion
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Does providing more information tmprove the >
accuracy of LA whew compared to the default
approach?




mpact AwaLgsLs - Mawn Results

’ Id I'd ?
s Lt possubLe to LWprove the accuracys?

i
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mpact AwaLgsLs - Mawn Results

’ Id I'd ?
(s Lt possubLe to LWprove the accuracys?

i

uoIsIdaIY
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lmpact AwaLgsLs Maln Results

'The best results are obtarned Lwn scenarlos
where both a verified starting entities anol
execution information are available.

i

approacln and up to 17% over the evolutionn ry
tech ww[ue Ln LBatLs

__ —

nzeca all merovemewts of up to 41‘{ over the alefa ult |



lmpact AwaLgsLs - Mawn Results

————— e

The best results are obtained in scenartos
mmwgrifled starting entities anol
=gqye available.

-
=

NN

: Recall L s\w\\;:\\
| approach ano up
tech V\ique Ln LBatls

—




lmpact Ana Lasis - Statistieal Test

e

Soes providing wore information significantlp~
Lmprove results of tmpact analysis compared to
using the default approach?




Impact Analysis - Results of Wileoxon
Signed-Rank Test

ArgouUML < op.0001 <op.oo01 <op.0o01 <op.0001 < 0.0001 < 0.0001

Jabref 0.266 0.324 0.381 < 0.0001 0.091 < 0.0001

JEO(!:’C < o.0o001 < op.0001L 0.068 < 0.0001 < 0.0001 < 0.0001

muCommander < 0.0001 < 0.0001 0.425 < 0.0001 < 0.0001 < 0.0001

H, o (R+DYw does not sigwiﬁoaw’dg Lmprove precision (compared to IR)

H, oit (RTDYN does not sigwﬂ-ﬁoaw’c% Lmprove recall (compared to IR)

H, ., R+ Hist does not sigwiﬁcaw’ctg Lmprove precision (compared to IR)

H, : IR+ Hist does not sig wiﬁcawtl,g bmprove recall (compared to IR)

st IRTDYN+ Hist does not sigwiﬁcaw’ch Lmprove precision (compared to IR)
st IRTDYHist does not significantly improve recall (compared to (R)

HO
HO




Impact Analysis - Results of Wileoxon
Signed-Rank Test

e < 0.0001 < 0.0001 < 0.0001

0.091 < o0.0001

NN

7,

NN .

o1
a8

< 0.00
S
N
) SN

N

muCommander < o.ooo01 < 0.0001

H,.: (R+DYn does not significantly improve precision (compared to IR)
H, ot (RTDYn does not significantly tmprove recall (compared to IR)
ot IR Hist does not significantly tmprove precision (compared to IR)
: IR+ Hist does not significa ntly Lmprove recall (compared to IR)
ppst (RTDYN+ Hist does not sigwiﬁcaw’dg Lmprove precision (compared to IR)
: (R+DYyn+ Hist does not sigwﬁﬁoaw’ch bmprove recall (compared to IR)




Threats to va Lialitg

— S =

| Commits used as gold standard for aocumca

l

| oompu‘catww

|
*Not all the entities in a commit maybe related to a single change
request

*All the entities related to a single change request maybe present
ln a single commit

°1>cvetoper established actual cha wge—sets

i ——

| chawcg of dyna mic traces obtained for change
H request

| Statistica LLg stgnificant results for the four open
H source Java sgstems may wot generalize

|




conclusion

lscewano driven combination o{ Ha ola namie
H awaLgsLs ano MSR technigues for LA

= —— — E—————— _

chcaLL merovcmewts of up to 41‘{ over thed&fa Wt

H approaah

-

fPreastw merovemewt up to 17% over the olefa uL‘c
H approach

__
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