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Her unit tests pass

g JUnit 53 — O
Finished after 0.027 seconds = public class Cart {
B b ‘ Q - public double getTotalPrice() {...}

public String getPrintedBill() {...}
Runs: 15/15 B Errors: 0 B Failures: 0

et testEmptyCart (0,002 s)
rEl testAddOneProduct (0,001 s)

public void testAddTwoDifferentProducts () {
_ Cart cart = ...
¢l testAddSameProductTwice (0.000 =) assertEquals (3.0, cart.getTotalPrice());

rEl testAddTwoDifferentProducts (0,001 assertEquals (
"Discount: -$1.00, Total: $3.00",

rE] testRemoveMonExistantProduct (0.0 cart.getPrintedBill()) ;

tel testRemoveMoreThanAdded (0.000 - }
tEl testRemovelessThanAdded (0,001 s
rEl testRemoveAsMuchAsAdded (0.002
el testAddRemoveSequences (0,000 s)



But requirements change

g JUnit 53 — O
Finished after 0.024 seconds =
4 e BB =

Runs: 15/15 B Errors: 0 B Failures: 13
¥ it

gl testEmptyCart (0,000 s)

gl testAddoneProduct (0,000 s)

gl testAddSameProductTwice (0.002 =)
gl testAddTwoDifferentProducts (0,000

rE] testRemoveMonExistantProduct (0.0
tEl testRemoveMoreThanAdded (0.001 -
gl testRemovelessThanAdded (0,001 s
gl testRemoveAsMuchAsAdded (0.005

gl testAddRemoveSequences (0,000 s)

=== public double getTotalPrice() {...}
public String getPrintedBill() {...}

public void testAddTwoDifferentProducts () {
cart = ...

quals (3.0, cart.getTotalPrice())
tEquals (

"Discount: -$1.00, Total: $3.00",
cart.getPrintedBill()) ;




She can delete broken tests

g JUnit 23 = 0
Finished after 0.024 seconds =

J}ﬁﬂmgﬁ|%% &l ~

Runs: 15/15 B Errors: 0 B Failures: 13

(0.000 s)
Twice (0.002 s)

fEl testRemoveMonExistantProduct (0.0

tE] testRemoveMoreThanAdded (0.001 -

But that reduces
the quality of the
test suite.



Repairing tests is preferable

g JUnit 53 = 0 g JUnit 52 =0
Finished after 0.024 seconds = Finished after 0.027 seconds -
$ ¢ "R = E- IR 8-

Runs: 15/15 HEErrors: 0 B Failures: 13 Funs: 15/15 B Errors: O B Failures: 0
¥ Bkl

gl testEmptyCart (0.000 s)

g testaddoneProduct (0.000 s)

gl testAddSameProductTwice (0.002 s)
gl testaddTwoDifferentProducts (0.000
el testRemoveMonExistantProduct (0.0
el testRemoveMoreThanAdded (0.001 ¢
g testRemovelessThanAdded (0.001 s
gl testRemoveAsMuchAsAdded (0.005
gl testAddRermoveSequences (0,000 s)

But that requires
a lot of time
and effort

gl testEmptyCart (0.002 s)
peltestAddoneProduct (0.001 s)

feltestAddsSameProduct Twice (0.000 s)
tel testAddTwoDifferentProducts (0.001
el testRemoveNonExistantProduct (0.0
el testRemoveMoreThanAdded (0.000 =
¢E] testRemovelessThanAdded (0.001 s
el testRemoveAsMuchAsAdded (0,002
el testAddRemoveSequences (0,000 s)



ReAssert suggests repairs

g JUnit 23 = 0
Finished after 0.018 seconds =

{B{FHEEE|Q:>E§:> &l -

Runs: 15/15 B Errors: 0 B Failures: 13

A
¥ @ |
Go to File
gl testEmpty
gl testAddor  Bun
gltestAdds:  Debug s)
el testAddTw Expand Al 0
-] testRemon Copy Failure List -2
pE] testRemon D s

Fix Failing Tests
@testﬁemm] i

gl testRemoveAsMuchasAdded (0.000
gl testAddRemoveSequences (0.000 s)



Alice decides whether to apply

Confirm proposed fixes

= Structure Compare

¥ = cart
=l
|=| Text Compare

Qriginal Test File

public void testRedPenCoupon() |
Cart cart = new Carti);
cart. addProduct (new RedPeni());
cart. addProduct (new RedPeni(());

@ | 4 @ 4R

Fixed Test File
public void testRedPenCoupon () |
Cart cart = new Cart () ;
cart.addProduct (new RedPen());
cart.addProduct (new RedPen());

| assertEquals (3.0,

cart.addCoupon (new AnniversaryCoupon()):
cart.getTotalPrice())

r

cart.addCoupon (new AnniversaryCoupon()):
assertEquals (6.0, cart.getTotalPrice()): | |:|='

|_|

r

assertEquals (

assertEquals (

| "Discount: -53.00, Total: $3.00", |—| "Digscount: 50.00, Total: 5&.00", |
cart.getPrintedBill ()) cart.getPrintedBill {)):
1 1 [=]
(<1 | [*] [« | [+]
@ Confirm | Cancel |




ReAssert reduces effort

g Junit &3 = 0
Finished after 0.018 seconds -

@v‘fﬁua@'—ﬁ‘%ﬁ% -

Runs: 15/15 B Errors: 0 B Failures: 13

0]
¥ .
Go to File
g/ testEmpty
g testAddor  Bun
gltestaddsz  Debug s)
g testAddTw Expand Al 0
£El testRemon Copy Failure List '
¢E| testRermnon J g

Fix Failing Tests
ﬂtestﬁem] )

gl testRemoveAsMuchAsAdded (0.000
gl testAddRernoveSequences (0.000 s)

g JUnit 23 =0
Finished after 0.027 seconds =
gt Gf ‘ Q, R

Funs: 15/15 B Errors: O B Failures: 0

feltestEmptyCart (0.002 s)
peltestAddoneProduct (0.001 s)

teltestAddSameProduct Twice (0.000 s)
vl testAddTwoDifferentProducts (0,001
el testRemoveNonExistantProduct (0.0
el testRemoveMoreThanAdded (0,000 <
¢El testRemovelessThanAdded (0,001 s
tEl testRemoveAsMuchAsAdded (0,002
el testAddRemoveSequences (0,000 s)



What is a Good Repair?

*tzquals (3.0, cart.getTotalPrice());

Bad Repair!

‘True (true) ;




Repair Criteria

Good Repair

Make tests pass
Make minimal changes to test code (not SUT)
Require developer approval

Produce understandable test code



Repair Strategies

» Strategies specific to:

o Static structure of the code
* The type of failure
e The runtime values that caused the failure

e Seven general strategies + custom strategies



Simple Assertion Failure

*Equals (3.0, cart.getTotalPrice()):



Strategy: Replace Literal

Replace in code Record actual value

.:Equals (6.0, cart.getTotalPrice()):




Failure in Helper Method

checkCart (cart, 3.0, ) ;

void checkCart (
total

*tEquals (total, cart.getTotalPrice());




Strategy: Trace
Declaration-Use Path

void testAddTwoDifferentProducts () {
Cart cart =

Replace /n code

checkCart(cart 6.0,
}

Trace declaration-use path
void checkCart (

Cart cart, d?total {

‘SertEqualS(total cart.getTotalPrice()) ;

} . \/—?‘eoord actual value



Object (In)Equality Failure

*Equals (expected, actual);



Strategy: Expand Accessors

Product expected = ...
Product actual = ...

{ Expand accessors
assertEquals > actual.getPrice()) ;
assertEquals ( > actual.getDescription()) ;

}



Strategy: Expand Accessors

Product expected = ... - o /
Product actual = ... xpected and actua

( /\CGSSWS equal
:ertEquals (expected.getPrice (), actual.getPrice())

ertEquals ("Red pen", actual.getDescription())
}

Actual accessor differs



TestClass#testMethod

v

Compiled _ o |hstrument

Test Classes

Instrumented Classesl

Execute ngis » Repaired!
Test Fails
DS Limit - No_t
Recorded Stack Trace | Reached Repaired
,/ \/
Test Code —» Fir;g kzgz:ion

Annotated Parse Treel

‘Choose Strategy _ None - Not
andApply  Apply = Repaired

Modified Parse Treel

Recompile
|




TestClass#testMethod

v

Compiled —> Instrument

Test Classes

Instrumented Classesl

Instrument

public static void assertEquals (
Object expected,

Object actual) { If assertion fails...
try {
// ...assert expected.equals (actual)

}

catch (Error e) {

throw new RecordedAssertFailure (
e, expected, actual);

...then record values
that caused failure



Execute

l *Equals (3.0, cart.getTotalPrice())
Instrumented Classes

Test

Execute —Passes > Repaired!
lTest Fails
Limit . Not .
Reached * Repaired throw RecordedAssertFailure(e, 3.0, 6.0);

Recorded Stack Trace l

edu.illinois.reassert.RecordedAssertFailure:
org.junit.AssertionFailedError:
expected:<3.0> but was:<6.0>
at org.junit.Assert.assertEquals (Assert.java:116)
at CartTest.testRedPenCoupon (CartTest.java:6)



Recorded Stack Trace l

Find Location

Test Code —» to Repair

Annotated Parse Treel

Find Repair Location

edu.illinois.reassert.RecordedAssertFailure:
org.junit.AssertionFailedError:
expected:<3.0> but was:<6.0>

at org.junit.Assert.assertEquals (Assert.java:116)

at CartTest.testRedPenCoupon (CartTest . java . 6)



Choose Strategy and Apply

Failure type: assertion failure Recorded values: literals

*tEquals (3.0, cart.getTotalPrice())

Structure: assertEquals with literal

Annotated Parse Treel

Choose Strategy None Not

and Apply " Apply " Repaired .. Replace Literal in Assertion strategy

Modified Parse Treel

assertEquals (6.0, cart.getTotalPrice())



Recompile and Repeat

‘ertEquals (6.0, cart.getTotalPrice());

Il‘ E'Discount: -$1.00, Total: $3.00",

Equals (
cart.getPrintedBill()) ;

Modified Parse Treel

Recompile




Evaluation

Q1: How many failures can ReAssert repair?

Q2: Are ReAssert's suggested repairs useful?

Q3: Does ReAssert reveal or hide regressions?



Case Studies

Controlled
User Study

Failures in
Open-Source
Software

Evaluation

Repairs? Useful? Regressions?

v vV
v vV

<



Case Studies

Basset
_ B Confirmed Repairs
DPJ Compiler Unconfirmed Repairs
DPJizer

| | | |
0 5 10 15

Failures

20



Case Studies

Repairs? Useful? Regressions?

(8 of 37)

Unconfirmed

Confirmed by user



Controlled User Study

Control Group

Written Tests

Provided Tests

ReAssert Group
B Matching Repairs
[ | Unmatching Repairs

Provided Tests

0 10 20 30 40 50
Failures



Controlled User Study

Repairs? Useful? Regressions?

9%
(12 of 131)

_ _ vs. 8 introduced by
Matching repairs the control group



Version n

Test Suite n

.~

/

execute on

/

Failures in Open-Source Software

Version n + 1

Test Suite n + 1

~



Failures in Open-Source Software

Checkstyle —

JDepend

JFreeChart

Lucene

PMD

XStream

B Repaired
B Unrepaired

%
170)

Failures



Unrepairable Failures

e Nondeterminism

*tEquals (..., cart.getPurchaseDate());

* Multiple contexts
for (Product product : cart.getProducts()) ({
%Equals (3.0, product.getPrice())
}
* No applicable strategies

if (...) {
expected = 3.0;

*tEquals (expected, cart.getTotalPrice());




"
g Junit &3 = 0O

Finished after 0.018 seconds -
4 4 % BB @ B -

Runs: 15/15 B Errors: 0 B Failures: 13

- EE Go to Fil
o to File

geltestEmpty

geltestaddor  Bun

gltestAddss  Debug s)
gl testAddTw Expand Al 0
£ testRemoy Copy Failure List '
el testRemon o)

Fix Failing Tests
gl testRermnon k - IS

gl testRemoveAsMuchAsAdded (0.000
gl testaddRermnoveSequences (0.000 s)

"
gu Junit &3 =0

Finished after 0.027 seconds =
g0 &E ‘ Q =~
Runs: 1515 B Errors: 0 B Failures: 0

I =0 5L [

pEltestEmptyCart (0.002 s)

rel testAddOneProduct (0,001 s)

el testAddSameProductTwice (0,000 s)
el testAddTwoDifferentProducts (0,001
el testRemoveNonExistantProduct (0.0
el testRemoveMoreThanAdded (0.000 <
tel testRemovelessThanAdded (0.001 s
el testRemoveAsMuchAsAdded (0.002
il testAddRemoveSequences (0.000 s)

http://mir.cs.illinois.edu/reassert




g JUnit 52 = B8
Finished after 0.024 seconds -

$ "R QR El -
Runs: 15/15 HErrors: 0 B Failures: 13

¥ it
gl testEmptyCart (0.000 s)
gltestaddoneProduct (0,000 s)
geltestaddSameProductTwice (0.002 s)
gl testaddTwoDifferentProducts (0.000
=l testRemoveMonExistantProduct (0,01
gl testRemoveMoreThanAdded (0,001 ¢
gl testRemovelessThanAdded (0,001 s
g testRemoveAsMuchAsAdded (0,005
gltestAddRemoveSequences (0.000 s)

du JUnit 53 =08
Finished after 0.027 seconds =
e® B Q El -

Runs: 1515 ®Errors: 0 H Failures: 0

fEltestEmptycCart (0,002 s)

feltestaddoneProduct (0.001 s)

feltestAddSameProductTwice (0.000 s)
teltestaddTwoDifferentProducts (0.001
feltestRermnoveNonExistantProduct (0.01
feltestRermnoveMareThanadded (0.000 <
{EltestRemoveLessThanAdded (0.001 s
fEltestRemoveAsMuchasAdded (0.002
feltestaddRemoveSequences (0,000 s)

Test-Driven

Test Repai
Development © palt

Make tests fail

...by changing tests ...by changing SUT

Make tests pass

...by changing SUT ...by changing tests
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