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What to test?

How do we cover as much
behavior as possible?
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Dijkstra’s Curse
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Formal Verification

st @ D T , —
AT

}, SELS ]

G 3




Formal Verification
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“This might crash”

static tree
fold_negate_expr (location_t loc, tree t)
{ S
// 200 Lines... RN
tem = TREE_OPERAND (t, 9); . ‘
if ((INTEGRAL TYPE P (type) A s neddl
&% (TREE_CODE (tem) == NEGATE_EXPR
|| (TREE_CODE (tem) == INTEGER CST
&& may negate without overflow p (tem))))
|| 'INTEGRAL_TYPE P (type))
return fold build2 loc (loc, TREE CODE (t), type,
negate expr (tem), TREE _OPERAND (t, 1));
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Zeller’s Variation on Dijkstra




The Best of two Worlds
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e 00 Address Book

| New contact | . New category

f First name Last name E-mail Phone Mobile & All
|James S. Roebuck JamesSRoe... 561-888-... 561-888-... :
|Naomi D. Long NaomiDLo... 390-12-5... 390-12-1... _
Karen L. Lloyd KarenlLLlo... 228-76~1... 228-76~... :
\JeanR. Voigt JeanRVoigt... 610-344-... 610-344-... | Employees
|Douglas L. Green DouglaslLG... 612-615-... 612-615-... |~| ¥ [l Suppliers
" Europe

T US.

First name Karen L. E-Mail KarenLLloyd@ex . Apply
Last name Lloyd Second e-mail Karen@CreditCa
Phone 228-76-1230 URL http://www.crec

Mobile 228-76-8710

Notes 1673 Jehovah Drive
Fredericksburg, VA 22408§|




Generated Unit Test

public class RandoopTestO extends TestCase {

public void test8() throws Throwable {
if (debug) System.out.printf("%nRandoopTest0.test8");

AddressBook varO = new AddressBook();
EventHandler var1 = varO.getEventHandler();
Category var2 = var0O.getRootCategory();
Contact var3 = new Contact();

AddressBook var4 = new AddressBook();
EventHandler var5 = var4.getEventHandler();
Category var6 = var4.getRootCategory();

String var7 = var6.getName();
varO.addCategory(var3, varo6);
SelectionHandler var9 = new SelectionHandler();
AddressBook var10 = new AddressBook();
EventHandler var11 = var10.getEventHandler();
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AddressBook var65 = new AddressBook();
EventHandler var66 = var65.getEventHandler();
Category var67 = var65.getRootCategory();

Contact var68 = new Contact();

Category[] var69 = var68.getCategories();
var65.removeContact(var68);

java.util.List var71 = var65.getContacts();
AddressBook var72 = new AddressBook();
EventHandler var73 = var72.getEventHandler();
Category var74 = var72.getRootCategory();
EventHandler var75 = var72.getEventHandler();
SelectionHandler var76 = new SelectionHandler();
actions.CreateContactAction var77 = new actions.CreateContactAction(var72, var76);
boolean var78 = var77.isEnabled();

AddressBook var79 = new AddressBook();
EventHandler var80 = var79.getEventHandler();
Category var81 = var79.getRootCategory();

String var82 = var81.getName();
var77.categorySelected(var81);

Category var85 = var65.createCategory(var81, "hil");
String var86 = var85.toString();

Category var88 = varQ.createCategory(var85, "exceptions.NameAlreadylnUseException");



Simplified Test Case

public class RandoopTest0 extends TestCase {
public void test8() throws Throwable {
if (debug) System.out.printf("%nRandoopTest0.test8");
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f First name Last name E-mail Phone Mobile & All
|James S. Roebuck JamesSRoe... 561-888-... 561-888-... :
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public class RandoopTest0 extends TestCase {
public void test8() throws Throwable {
if (debug) System.out.printf("%nRandoopTest0.test8");
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Getting Coverage

static tree
fold negate expr (location t loc, tree t)
{
// 200 Lines...
tem = TREE_OPERAND (t, 9);
if ((INTEGRAL _TYPE_ P (type)
&% (TREE_CODE (tem) == NEGATE_EXPR
|| (TREE_CODE (tem) == INTEGER CST
&& may negate without overflow p (tem))))
|| 'INTEGRAL_TYPE P (type))
return fold bu11d2 loc (loc, TREE CODE (t), type,
negate expr (tem), TREE OPERAND (t, 1));
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Infinite Monkey Theorem




Test Generation

Static analysis and symbolic test generation
o ...work well at the unit level
e ...but miss the surrounding context
System test generation
e ...generates real executions

e ...but misses features at the code level



Evolutionary Algorithms
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Selection and Ranking

if (angle =47 A power =532)1{...}

[ “fdsakfh+ew%4gfhdi%4f” j angle =31

[ “b3Hru786234j” ] angle =48

[ “xb3tru7%4gthdi%A4f” ] angle = 65




Selection and Ranking

if (angle =47 A power =532)1{...}

angle =51

[ “b3Hru786234j” ] angle =48

angle =47
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Testing a C Compiler




Parsing C Files




Mutation




Recombination

n = mult(x, 2);
Z =y << 3¢




Recombination

n = mult(x, 2);
Z =y << 3¢




Recombination

n = mult(x, y << 3);
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Testing a C Compiler




Evolved C Input

int main() {
double var® -474411016.5983948,;
double varl varo;
varl /= (var@ + 842286918.0743376 * var@) + 1757571303008385195L;
unsigned long var2 = 7608230537870159477UL;
var2 *= var2 * var2;
int var3 = -1522999176;
for (; var3 <= -1522999137; ++var3) {
varl = varl / -3315559715349753910LL /
(var3 & 7709094732231684709ULL) == -1854837480 / 2075989423U;
unsigned long long vard4 = 17274394483946351480ULL;
int var5 = 1690262972;
var5 += (4 / vard % var2 & 8151340956687106979ULL) >= 36423 / -24124 % 120;
}
int vard4 = 1979470929;
vard |= var3 - -4708;
signed char var5 = 22;
unsigned char varé =
var5 = var5 + varé;




Domain Code
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XML 1T
ests
<munderover>

<mo>&sum;</mo>

<mrow>

<Mmi>x</mi> n

<mo>=</mo>

<mn>1</mn>
</mrow>
<mi>n</mi>
</munderover> x
<mrow>
<apply>
<power/>

Lci>x</ci>

<cn>2</cn>
</apply> a;‘ — 1
</mrow>
</mrow>

</math>



<math>
<mrow>
<munderover>
<mo>&sum;</mo>
<mrow>
<mi>x</mi>
<mo>=</mo>
<mn>1</mn>
</mrow>
<mi>n</mi>
</munderover>
<mrow>
<apply>
<power/>
<ci>x</ci>
<cn>2</cn>
</apply>
</mrow>
</mrow>
</math>

XML Tests




Domain Inputs
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Int main() { ...
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Test Coverage

Unit Test Generators GUI Test Generators
B Randoop M Evosuite B GUltar B Exsyst

100 %
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e 00 Testfabrik AG - Startseite e
<

8] O] B (2] ) (2] + |6 wwwesttabrikcom e A Reader |
&) TESTFABRIK

Softwaretesten fur Web 2.0-Anwendungen

Die Testfabrik AG ist |hr Partner, wenn es um das automa-

tische Testen von Webanwendungen geht. ‘
WebMate ist derzeit das weltweit einzige Werkzeug zur vollstandigen und vollautomati- OrRBin Burger “d
schen Prufung auf Cross-Browser-Kompatibilitat von Web 2.0 Anwendungen. WebMate Wabfate “

entsteht direkt aus der Spitzenforschung des Lehrstuhles fur Softwaretechnik von
Prof. Dr. Andreas Zeller in Saarbricken.

Wenn Sie und |hr Business darauf angewiesen sind, dass lhre Webanwendung fehlerfrei
funktioniert, bieten wir lhnen die richtigen Testlosungen dazu an - malRgeschneidert auf
Ihre Bedurfnisse und mit einem Return on Investment, der Sie positiv Uberraschen wird.
Informieren Sie sich vorab online oder sprechen Sie uns direkt an.

Dr. Martin Burger, Dr. Valentin Dallmeier, Mi-
chael Mirold, Bernd Pohl und Prof. Dr. Andreas

; ’ Zeller erkldren die Geschaftsidee hinter der
Wir machen das Testen im Web 2.0 rentabel! Testfabrik AG.

Wir stellen ein

Wir suchen Softwareentwickler (w/m), Software-Testberater (w/m) und Studentische Hilfskrafte (w/m) zur Verstarkung unserer Produktent-
wicklung sowie unseres Berater-Teams. Interesse? Unter Karriere gibt es weiterfihrende Informationen.
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Crashes

If the system detects an error, we do so, too






Assertions

class RedBlackTree {

boolean repOk() {
assert (rootHasNoParent());
assert (rootIsBlack());
assert (redNodesHaveOnlyBlackChildren());
assert (equalNumberOfBlackNodesOnSubtrees());
assert (treeIsAcyclic());
assert (parentsAreConsistent());

return true;

Test generators aim for branch coverage -
and thus aim for falsifying assertions



Regression

T n
e i

Compare with earlier or alternate version



Compare Compilers




App Mining



Layer Oracles

System interface (XML, etc.)




Layer Oracles

System interface (XML, etc.) in ="<x>20</x>"

Java code X.= 20




Layer Oracles

System interface (XML, etc.)
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