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PROLANGS HOIANG

+ Languages/Compilers and Software Engineering

Algorithm design and prototyping

* Mature research projects
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Incremental dataflow analysis, TOPLAS 1988, POPL'88,
POPL'90, TSE 1990, ICSE97, ICSE99

Pointer analysis of C programs, POPL'91, PLDI'92

Side effect analysis of C systems, PLDI'93, TOPLAS 2001
Points-to and def-use analysis of statically-typed
object-oriented programs (C++/Java) - POPL'99,
OOPSLA'01, ISSTA'02,Invited paper at CC'03, TOSEM
2005, ICSM 2005

Profiling by sampling in Java feedback directed
optimization, LCPC'00, PLDI'0O1, OOPSLA'02

Analysis of program fragments (i.e., modules, libraries),
FSE'99, €C'01, ICSE'03, IEEE-TSE 2004
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° Ongo ing researl 'Ch pl 0 ieC | S

- Change impact analysis for object-oriented
systems PASTE'01, DCS-TR-533(9/03), OOPSLA'04,
ICSM'05, FSE'06, IEEE-TSE 2007

- Robustness testing of Java web server
applications, DSN'01, ISSTA'04, IEEE-TSE 2005,
Eclipse Wkshp OOPSLA'05, DCS-TR-579 (7/05)

- Analyses to aid performance understanding of
programs built with frameworks (e.g., Tomcat,
Websphere)

- Using more precise static analyses information in
testing OOPLs, DCS-TR-574 (4/05), SCAM'06
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Outline PROIANG

+ Overview
+ Contributions
* Analysis framework

*+ Tools built
- Chianti
- Experiments with 1 year of Daikon CVS data
- JUnitCIA
+ Experiments on SE class
- CRISP

+ Related work
© Summary
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PROLANGS

Non-locqlify of change lmPGCT
in OO programs

- Small source code changes can have
major and non-local effects in object-
oriented systems
- Due to subtyping and dynamic dispatch

/X\f() X x= new Z()
Y Z x.£()
£()
M otivation FROLANGS

* Program analysis provides feedback on

semantic impact of changes
- E.g., added/deleted method calls, fields and classes

- Object-oriented system presumed to consist
of set of classes and set of associated unit
or regression tests

+ Change impact measured by tests affected

- Describes application functionality modified
- Discovers need for new tests
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Examp I e PROGRAMMING LANGUAGES RESEARCH GROUP.
class A { public void testl{
public void foo() { A a = new A();
} a.foo();//A’'s foo
class B extends A { }
public void foo(){ } public void test2(){
} A a = new B();
class C extends A{ a.foo(); //B’'s foo
} }
public void test3()({
A foo A a = new C();
Joo0 a.foo();//A’'s foo
}
B C
foo()
10/06 U Mass DistLect,, BGRyder 7
Examp I e PROGRAMMING LANGUAGES RESEARCH GROUP.
class A {
public void foo() { }
public int x; A foo(), x
}
class B extends A {
public void foo(){B.bar();}
public static void bar() { B C
y = 17;} Joo0, y foo0), z
public static int y; bar() baz()
}
class C extends A{
public void foo() {
x = 18; }
public void baz () { Question: what affect did this
z = 19;} edit have on these tests?
public int z;

}

10/06 U Mass DistLect,, BG!

Ryder




Example - Changes to foo()

class A {

public void foo() { }

public int x;

}

class B extends A {

public void foo(){B.bar();}

public static void bar()
{y=17;}

public static int y;

}

class C extends A{

public void foo() {

x = 18; }
public void baz () {
z = 19;}

public int z;

public void testl{
A a = new A();
a.foo();//A’'s foo
}
public void test2()({
A a = new B();
a.foo(); //B’'s foo
}
public void test3()({
A a = new C();
a.foo();//A’'s foo

} 2.Find affected tests

1.Decompose edit into

} atomic changes 3.Find affecting changes
10/06 U Mass DistLect,, BGRyder o
A s s u m pt l o ns BROGRAMMING LANGUAGES RESEARCHGROUP.

* Our change analysis tools run within an interactive
programming environment - Eclipse

- User makes a program edit

- User requests change impact analysis of an edit
 Before and after edit, the program compiles
- Tests execute different functionalities of the

system

* Call graphs obtainable for each test through static

or dynamic analysis

- Call graphs show the (possible) calling structure of a program;
nodes ~ methods, edges ~ calls

*+ Change impact measured in terms of changes to
these call graphs, corresponding to a (growing) set

of tests

10/06 U Mass DistLect,, BGRyder




Usage Scenario

Build call graphs

l

Edit code

l

Derive atomic changej

S ={cl,c2,..,cn}
'
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Chianti

Find S'CS that
may impact Ti

/

|Exp|or'e subsets of S'

Find potentially ) Cri

affected tests hianti risp

T1, T2, ., Tk Junit/CIA
PROLANGS

Prototypes

* Chianti, a prototype change impact analyzer

for full Java language (1.4)

- Written as an Eclipse plug-in

- Experimental results from analysis of year 2002
Daikon system CVS check-in

* Crisp, a builder of intermediate program

versions (between original and edited)

- To find failure-inducing changes semi-
automatically

+ JUnit/CIA, augmented version of JUnit in
Eclipse to perform unit/regression testing and
change classification

- Find likelihood of a change being failure-inducing
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Atomic Changes

Each edit corresponds to unique
set of (method-level) atomic changes

AC Add an empty class CFI Change defn instance field initializer

DC Delete an empty class CSFI Change defn static field initializer

AM Add an empty method AL Add an empty instance initializer

DM Delete an empty method DI Delete an empty instance initializer

CM Change t.mdy of a method CI Change defn instance initializer

LC Change virtual method lookup ASI Add empty static initializer

AF Add a field ST Delet tatic initiali

DF Delete a field elete emp.Ty. s atic ini lc.x |z.er. -
CSI Change definition of static initializer

. 3
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Examples of Atomic Changes™=*=
class A {
public void foo() { }
public int x;//1
}
cla
public void foo(){B.bar();}/
public static void bar()
{y=17;}//5,8
ublic static int y;//7
} _— )
class C extends Al | o ol PN
e Ter vy [RYLER [Pt e/
public void baz () { <:i==5f/

z = 19;}//10,11
ublic int z;//9
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Ri
Dynamic Dispatch Changes ==

A set of triples defined for a class hierarchy:

Runtime receiver type, declared method type
signature, actual target method
<C, A.m, B.m> means:
1. class A contains’ method m
2. class C does not contain method m
3. class B contains method m, and C inherits m from B

A
m() m()
B| Delete <C, A.m, B.m>
m() — | m()

Add <C, A.m, C.m>

Q—w —Pp

C

m() LC change: <C, A.m>
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Affected Tests PROLANGS

T, set of all tests ; A, set of all atomic
changes: program before edit; P’,
program after edit

AffectedTests (T,A) =

{Ti | Tie T, (Nodes(P,Ti) N (CM U DM)) = &} U

{Ti| Tie T, n € Nodes(’,Ti), n>3 x , A.m E

Edges(P, Ti), for (B,X.m) € LC, B<A<™ X}

10/06 U Mass DistLect,, BGRyder 16




Affecting Changes

T, set of all tests; A, set of all atomic
changes; P, program before edit; P', program

after edit
Affecting Changes(Ti, A) =

{a' | a € Nodes(P',Ti) N (CM U AM), a'<*a} U
{@la=BXmELC, B<*X, n>zy,AmE
Edges(P’,Ti),for some n, A.m € Nodes(P',Ti), a'<*a}
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PRRLITOGIE

i Original Program P | | Unit/Regression Tests | _____ __QQ'_M__'I;M.NIQNGS
----------- . Edited Program P’ -
" — - = = ol

iCall Graphs !
i of Tests in P :

|| Atomic Changes ||

Change Impact
Analyzer 'S
'Y

Chianti

~~
Affected Tests |[4 =

Affecting Changes
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RUTGERS
How to run Chianti? s

*+ To simulate use in an IDE while editing
evolving code, select 2 successive CVS
versions of a project and their associated
tests

* Call for change impact analysis of the edit

« Chianti displays change analysis results

- Affected tests with their affecting atomic
changes and prerequisite changes

9
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Chianti GUTI S

Affected tests
Eclipse project files Java code & affecting changgs

)< Chianti Results View 8\ Outline =g

! (14 Package Expl... %~ Hierarchy| = B3 Tes
Rles < | Chianti CIA - Analysis Results
T Soi0s . ‘Affecting Changes| Changes (Category) |
| £104-15 o T test1OV
=¥ >abcl  [cadenza.rutge du) T tes2(V

) [cadenz
a L1 (ASCH -k
1 (ASCI -kkv)
1 (ASCH -kkv)
1 (ASCI -kkv)
ests 1.1 (ASCIl -k
testl)

5 Add Method (ID6) bar( in (8]
@ Change Method (ID7) bar() in [B] (added & chang
@ Change Method (IDS) foo() in [B] (changed)
("B foo"); o Add Method (ID6) bar() in [8]
T tes30V

-t

est2 calls B.foo()
1ffected by CM(B.foa())
gifh prereq AM(B.bar()),

o

wa 1.1 (ASCH -K
1 (ASCI -kkv)

@B 1.1 (ASCH -kkv)

@C 1.1 (ASCH -kkv)

@ Tests 1.1 (ASCH k|
o testl)

ecause B.foo() calls
.bar()

Progress 5 \_Problems | Declaration | Javadoc =g
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Chianti GUI

50 C Java - Tests.java - Eclipse Platform
[ Package Expl... 8 \_Hierarchy| = B|( [ Tests.java J) Tests.java 8 \__ B)(Outline <& Chianti Results View O\ S =m)!
| < class A{ Chianti CIA - Analysis Results
N v public void foo( Affecting Changes | Changes (Category)
Lj04-08 System.out.println("A. foo"); \ |
£704-15 } ) testlOvV
&#>abcl [cadenza.rutgers.edu] public int x; T test20V
# > (default package) [cadenz } o Add Method (ID6) bar() in [8]

[7) Tests.java 1.1 (ASCII -k @ Change Method (ID7) bar() in [B] (added & chang

class
@A 11 ASCkkv) s o ul > Add Field (ID4) int y in (8]
@B 1.1 (ASCI -kkv) @ Add Method (ID6) bar() in 8]

GC 1.1 (ASCH -kkv) @ Change Method (IDS) foo() in (8] (changed)

ends A{
public voi
stem.out.println("B.foo");
cy K I
@ Tests 1.1 (ASCH -k < ublic static void bar(){ o Add Method (ID6) bar() in (8]
=\JRE System Library JVM 1.4 TS T test3 OV
&) junitjar - /Applications/eclip ‘
ublic static int y;

3>abc2 [cadenza.rutgers.edu]
3 > (default package) [cadenz 3
it 1 | 8 test2 calls B.bar() affected

Qs 11 o ko il by CM(B.bar()) with prereqs

e ivhedivibrl I (B.bar()) & AF(B.y)
&) junitjar - fApplications/eclip i i b ause B'bar‘() uses B.y
, 1

CIToyUnivl

ublic int z;
T ToyUniv2 }
EIToyUnivi !
Problems [ Progress 5 . Declaration| Javadoc =g
(e
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Chianti Exper‘i ments PROLA|
OOPLSA'04

+ Data: Daikon project (cf M.Ernst, MIT)

- Obtained CVS repository from 2002 with version
history - an active debugging period

- 6rouped code updates within same week for 12
months

- Obtained 39 intervals with changes

- Growth from

- 48K to 121K lines of code

- 357 to 765 classes

+ 2409 to 6284 methods

- 937 to 2885 fields

* 40-62 unit tests per version
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Number of atomic changes “*&%=

11698

100000

10000

1223-1230
1216-1223
1209-1216
1202-1209
1126-1202
1119-1126
11111119
0930-1111
0923-0930
0916-0923
0909-0916
0902-0909
0826-0902
0819-0826
0805-0819
0722-0805
0715-0722
0708-0715
0701-0708
0625-0701
0617-0625
0610-0617
0603-0610
0527-0603
0506-0527
0415-0506
0408-0415
0401-0408
0318-0401
0311-0318
0304-0311
0225-0304
0218-0225
0211-0218
0204-0211
0128-0204
0121-0128
0114-0121
0107-0114

23
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Affected Tests

[Percentage Affected Tests |

89%

| Average

| 1223-1230
| 1216-1223

70%

| 1209-1216

| 1202-1209

<
= ES | 1126-1202
I | 1119-1126

69%

| 1111-1119

0%

| 0930-1111
| 0923-0930

76%

| 0916-0923

| 0909-0916

27%

| 0902-0909
| 0826-0902
| 0819-0826

| 0805-0819

| 0722-0805

| 0715-0722

| 0708-0715

| 0701-0708

| 0625--0701

79%

| 0617--0625

| 0610--0617

| 0603--0610

| 0527--0603

| 0506--0527

| 0415--0506

R [ 0408--0415

| 0401--0408

| 0318--0401

157%

| 0311_0318

| 0304_0311

80%

| 0225_0304

76%

57%

53%

| 0218_0225

| 0211_0218

48%

| 0204_0211

| 0128_0204

| 0121_0128

| 0114_0121

0107_0114

100.0%

80.0%

60.0% 38%

40.0% -

20.0% -

0.0%

24
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Affecting Changes

100.00%

73.53%
[Per Affecting Ch |
43.41%
268.24% 33.16% ]
.24% >
15.07%
— 12.67%
9.54% 10.34% B 8.81% 8330
10.00% > H H =
5.90% 7.68%— —
 5.94% 5.64% 5.089
3.84% 3,36 3.60%] ] 3.82% 3.95%
B 2.58% 1 |2.88% 2.949 u ]
58% - ad —
u 1.95% 1.96%| | 1.92%
1.4tk 1.54% 1.29%
1.219
1.00% | | HHHHHHHHH H HHHHH
0.10%

Performance of Chianti ==
+ Deriving atomic changes from 2 successive
Daikon versions takes on average 87 seconds
* Calculating the set of affected tests takes
on average 5 seconds
* Calculating affecting changes for an
affected test takes on average 1.2 seconds
* Results show promise of our change impact
framework

10/06 U Mass DistLect,, BGRyder
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RUTG
FSE'06 JUnit/CIA EEOLANCS

+ Integrated Chianti with JUnit in Eclipse

- Executes change impact analysis as part of

regular unit testing of code during software
evolution

+ Allows user to avoid rerunning unaffected unit tests

+ Allows user to see atomic changes not tested by current
test suite, in order to develop new tests

* Using test outcome history to estimate
likelihood that an affecting change is
failure-inducing for a test
- Classifying changes by whether they are affecting

to tests with worsening, improving, or same
outcomes on both versions

10/06 U Mass DistLect,, BGRyder 27
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, " FROIANGS
Junit/CIA - Intuition I
+ JUnit/CIA change classifications

* untested : change affects no fest,
more tests should be added
- green: all affected tests improve in outcome
: some affected tests worsen,
some improve in outcome,indeterminate
- red: all affected tests worsen in outcome;
good candidate for a bug!

* Performed in situ experiments with SE class
at University of Passau

* 61 student version pairs had worsening tests with more
than 1 affecting change
* Overall results showed best coloring classifier helped

focus programmer attention on failure-inducing changes
in ~50% of cases

10/06 U Mass DistLect,, BGRyder 28
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Comparison of Recall, Precision
for Red Classifiers

* Recall
* Measures fraction of failure-inducing changes colored RED
* False negative rate = 1-recall

* Precision

* Ratio of actual failure-inducing RED changes to all RED
changes

* False positive rate = 1-precision

* Pair of values quantifies effectiveness for any
RED classifier

9
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RelaxedRed Classifier
Total of 39 points

Harmonic mean = .68
1.2

1 o: ‘2 ‘14

0.8

0.6

precision

0.4

0.2 - ‘1

I
-0.2 0 0.2 0.4 0.6 0.8 1 1.2

-0:2—

recall 20
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Strict Red Classifier

Total of 22 points

TR L T
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Harmonic mean = .64

1.2 -

0.8

0.6 —

precision
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StrictRed Classifier

®:

0.4 0.6 0.8 1

1

recall

5

1.2

31

Simple Classifier

Harmonic mean = .49

1.2
1
Precision values shown
inside the bubbles.
0.8 | Frequencies appear next
- to the bubbles. Total of
20 (recall,precision) pairs.
.E 0.6 |
2
I
g
a 0.4
1
0.2
0
v 0.2 0.4
-0.2 -
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Simple Classifier

o

@

recall

T o

e
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ICSM'05, TEEE-TSE 2007

* Tool to find changes introducing bugs

- IDEA: Atomic changes which do not affect a
test cannot be responsible for its failure

- Starts with original program and allows user to
select atomic changes to add

- Tool adds selected changes and their prerequisites
to the original version, allowing running of tests
on this intermediate program version

* Goal: to perform this task automatically making ‘smart’
choices of changes to add

. 3
10/06 U Mass DistLect,, BGRyder 3
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Crisp - Daikon Case Study ERAANGE

Nov 11th (original) and Nov 19th (new) versions

Chianti

5 affecting changes
in a failing test

6093 atomic changes

—
Need to create failing
tests scenario for Crisp: Apply group of
executed test suite Crisp changes
for Daikon version pair in v
version n against source
code in version n+1 il
Un-apply
changes

failure-inducing
changes
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BOGRS
Related Work - Impact Anal ===

- Static impact analysis techniques

- Reachability: Bohner-Arnold '96; Kung et al.
JSS'96. Tonella TSE 2003:

- Year 2000 analyses: Eidorff et.al POPL'99;
Ramalingam et al. POPL'99;
* Dynamic impact analysis techniques
- Zeller FSE'99; Law-Rothermel ICSE'03:

-+ Combined analysis techniques
- Orso et al. FSE'O3; Orso et al. ICSE'04;

10/06 U Mass DistLect,, BGRyder 33

ISR

Related Work - Testing, RIGKR
Avoiding Recompilation

- Selective regression testing

- TestTube-Rosenblum ICSE'94. DejaVu-Harrold-
Rothermel TOSEM 1997;

- Slicing-based: Bates-Horwitz POPL'93; Binkley
TSE'97.

- Test selection: Harrold et al. OOPSLA'O1;
Elbaum et al. JSTVR 2003;

* Techniques for Avoiding Recompilation

- Tichy ACM TOPLAS'86; et al., ACM TOSEM '94;
Hood et al., PSDE'87; Burke et al. TOPLAS'93;
Chambers et al., ICSE'95; Dmitriev, OOPSLA'02
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Related Work - Fault BOGRSR
Localization

- Comparing dynamic data across executions

* Reps et al. FSE'97:. Harrold et al. PASTE'98;
Jones et al. ICSE'02; Reneris and Reiss
ASE'03; Dallmeier et al. ECOOP'05;

- Statistically-based techniques: Liblet et al.
PLDI'03, PLDI'O5:; Liu et al. FSE'05;

- Slicing-based techniques

* Lyle et al. ISICCA'87; DeMillo et al.
ISSTA'96; Bonus et al. ASE'03;

10/06 U Mass DistLect,, BGRyder 37
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Summary PROLANGS

Developed change impact analysis for object-
oriented codes with emphasis on practicality,
viability in an IDE, and scalability to
industrial-strength systems
- Defined atomic changes to subdivide edits

- Defined impact using tests affected and their
affecting changes

- Tested ideas in Chianti on 12 months of data
from Daikon project with promising results

- Developed new tools --JUnitCIA, CRISP-- that
incorporate change impact analysis in practical
ways for testing and debugging applications

10/06 U Mass DistLect,, BGRyder 38
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Future Work
* Upgrade Chianti to Java 1.5

* Need to consider additional dependences introduced
* Experiment with JUnit/CIA in combination with Crisp
to find failure-inducing atomic changes
- Develop heuristics to automate this process
+ Use larger programs as data -- e.g., Eclipse compiler
* Use change impact analysis to examine collaborative
changes fo determine unexpected semantic
dependences in resulting code

- Experiment with finding committable changes that allow early
exposure of changes to team members

+ Explore further applications of change analysis to
testing

+ Codify issues of semantic dependence between changes

10/06 U Mass DistLect,, BGRyder
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JUnitCIA Screen Shot
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Runs: 5/5/5 B Errors: 0 8 Failures: 3

g" Failures 43 CIA Hierarchy| £ Changes
= L) demo.Tests
= 3l tes:PassFail
¥ Lookup Change (ID1) <demo.C , demo.A.zap()>
3 Add Method (1D4) zan() in [demo.C]
53 Change Method (1D6) foo() in [dema.A] (changed)
)43 change Method (1D10) zip() in [demo.A] (changed)
%t Add Field (ID7) int y in [demo.a]
5y Add Fleld (D7) Inty In [demo.A]

L) Add Method (ID4) 2ap() in [demo.C]
+ o5 testFailPass
o testFailFail
# 5 testCroshFail
# g5l testPassPass

) el Change Method (ID5) zap() in [demo.(] (added & changad)

TR

RUTGE,
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