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AHaNn3 nporpamm

Xopolia b coPpTBapb MOA POAHAA?
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NNHamMmmnyecknim aHanms: HanmBHAK

Instant feedback
Mpumepsl: Bret Victor: Inventing On Principle, Light Table



rr LG

/7

function drawTree () {
var blossomPoints = [];

resetRandom! ) ;
drawBranches(®, -Math.PI/2, canvasWidth/2, canvasHeight, 30,

resetRandom! ) ;
drawBlossoms (blossomPoints);

function drawBranches (1i,angle,x,y,width,blossomPoints) {

Ctx.save!l);
var length =‘tueenf1. 1, 6!, 12, 3) + random(®.7, 1.3);

if (i = @) { length = 97; }

ctx.translateix,y);

ctx.rotatelangle);

ctx. fillStyle = “#2000";

ctx.fillRect(®, -width/2, length, width);

Ctx.restorel);

var tipX = x + (length - width/2) * Math.cos(angle);
var tipY = y + (length - width/2) * Math.sin(angle);
if (1 > 4) {

blossomPoints.push! [x,y, tipX, tipY));

1
!

if (1 < 6) {
drawBranches{i + 1, angle + random(-0.15, -0.05) + Math.
drawBranches(i + 1, angle + random( 0.15, 0.05) » Math.
}
else if (i < 12) {

6
drawBranches{i + 1, angle + random( 0.25, -0.05) = Math.

%



[HamMKn4YecKknin aHann3: d1eMeHTapHble YacTuLbl

Detectors.
Mpumepsl: Lin-Check data race detector, Road Runner framework, Coverage



NunHamunyecknm aHanms: Coverage

String getName() {
String result = cachedName;
if (result == null) {
I cachedName = result = compute();

}

return result;

}




NunHamunyecknm aHanms: Coverage

Run SSR

é@ C:\Java\jdkl.8\bin\java -javaagent:C:\idea\lib\coverage-agent.jar
—Jjavaagent:C:\idea\lib\idea rt.jar=58282:C:\idea\bin -Dfile.enco
.8\ jre\lib\deploy.jar;C:\Java\jdkl.B8\jre\lib\ext\access-bridge-6
—d .8%\Jjre\lib\ext\dnsns.jar;C:\Java\jdkl.8\jre\lib\ext\jaccess. jar;

= .Jar;C:\Java\jdkl.8\jre\lib\ext\nashorn.jar;C:\Java\jdkl.8\jre\l
E!i C:\Java\jdkl.8\jre\lib\ext\sunmscapi.jar;C:\Java\jdkl.8\jre\1lib\
— .8\ jre\lib\javaws.jar;C:\Java\jdkl.B8\jre\lib\jce.jar;C:\Java\jdk
EE qjl .8\Jjre\lib\management-agent.jar;C:\Javayjdkl.8\jre\lib\plugin.ja
ﬁﬁ C:\Java\jdkl.8\1lib\tools.jar;C:\temp\Dropbox\talks\jpoint2018\sr

.Jar:C:\temp\Dropboxi\talks\ jpoint2018\src\rrTool\lib\junit-quick
.3.jar;C:\idea\lib\openapi.jar;C:\idea\lib\util.jar;C:\ideal\1lib\

———— IntellidJ IDEA coverage runner —-—-

N X B

sampling ...
include patterns:

exclude patterns:

Process finished with exit code 0

» 4:Run “26:TODO = 0: Messages



NunHammnyecknn aHanuns: RoadRunner detector

ANALYSIS ALGORITHM

THREADLOCAL Filters accesses to thread-local data

READONLY Filters accesses to read-only data

PROTECTINGLOCK Filters lock operations for locks protected by other locks
LOCKSET Detects races using the LockSet algorithm
ERASERWITHBARRIER Detects races using LockSet + a barrier analysis
HAPPENSBEFORE Detects races using VectorClocks

DJIT+ Detects races using an optimized VectorClock algorithm
MULTIRACE Detects races using a hybrid LockSet/VectorClock analysis
GOLDILOCKS Detects races using an extended LockSet algorithm
FASTTRACK Detects races using an Epoch/VectorClock analysis
VELODROME Detects serializability errors

ATOMIZER Detects atomicity violations using Lipton’s theory of reduction
SINGLETRACK Detects determinism errors

JUMBLE Adversarial memory implementation to utilize relaxed memory model nondeterminism

SIDETRACK Detects generalized serializability errors




NunHammnyecknn aHanun3: RoadRunner detector

public class AppRace implements Runnable {

private int value;

public void run() {
for (int 1=0; 1<1000; 1++) {

value++;, < ——

}

}

public static void main(String[] args) throws Exception {
AppRace d = new AppRace();
Thread t1 = new Thread(d); tl.start();
Thread t2 = new Thread(d); t2.start();
t1.j0in(); t2.j0in();



NunHamunyeckmnm aHanmns: RoadRunner detector

## YIKES: SafeFieldUpdater: Concurrent update.
## YIKES: concurrent initialization of guard state

H#

## FastTrack Error

H#
H#
H#
H##
H#
H#
H#
H#
H#
H##
H##
H##
H##
H##
H##
H##
H#
H#
H#
H#

Thread: 2
Blame: x/Application.value_I
Count: 1 (max: 100)
Shadow State: [W=(1:3) R=(1:3) V=[]]

Current Thread: [tid=2 C=[(0:3) (1:0) (2:3) (3:0)] E=(2:3)]

Class: class x.Application

L\0 A

Message: Write-Read Race
P ,

Currrent Op: Read by Thread-1[tid = 2]
Stack: tools.fasttrack long.FastTrackTool.fieldError(FastTrackTool.java:753)
tools.fasttrack long.FastTrackTool.error(FastTrackTool.java:707)
tools.fasttrack long.FastTrackTool.read(FastTrackTool.java:371)
tools.fasttrack long.FastTrackTool.access(FastTrackTool.java:308)
rr.tool.RREventGenerator.readAccess(RREventGenerator.java:146)
Xx.Application. $rr_get value(Application.java)

3lue I

ANN = ela N () 01 N3 ANN =

x.Application.run(Application.java:21)

java.lang.Thread.run(Thread.java:748)
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RoadRunner detector. A mHe ye?

@Abbrev ("UNT")
public class UnnamedThread extends Tool {
@Override
public void postStart(StartEvent se) {
String justCreatedThreadName =
se.getNewThread().getThread().getName();
if ( justCreatedThreadName.startsWith("X
|| justCreatedThreadName.startsWith ("X
errors.error(se.getNewThread(), se.getl
"reason:"”,
“Bad thread name");

13



RoadRunner detector. A mHe ye?

public abstract class Tool {...
public void create(NewThreadEvent e) {...}...
public void stop(ShadowThread td) {...}...
public void access(AccessEvent fae) {...}...
public void volatileAccess(VolatileAccessEvent fae) {...}...
public void enter(MethodEvent me) {...}...
public void exit(MethodEvent me) {...}...
public void acquire(AcquireEvent ae) {...}...
public void release(ReleaseEvent re) {...}...
public void preWait(WaitEvent we) {...}...
public void postWait(WaitEvent we) {...}...
public void preNotify(NotifyEvent ne) {...}...
public void postNotify(NotifyEvent ne) {...}...
public void preSleep(SleepEvent e) {...}...
public void postSleep(SleepEvent e) {...}...
public void preJoin(JoinkEvent je) {...}...
public void postJoin(JoinEvent je) {...}...
public void preStart(StartEvent se) {...}...
public void postStart(StartEvent se) {...}...
public void prelInterrupt(InterruptEvent me) {...}...
public void interrupted(InterruptedEvent e) {...}...
public void classInitialized(ClassInitializedEvent e) {...}...
public void classAccessed(ClassAccessedEvent e) {...}...



[nHamun4yecknm aHanu3s: bonblue yma

Property-based testing
Mpumepsl: ScalaCheck, QuickCheck



NunHamunyeckn aHanus: Property-based testing

Build Intellil Platform Products :: IJ Platform - Master :: IDEA Trunk :: Tests :: Exploratory Tests #5065 failed

Changes included: 2 changes.
Change f98cbb8d by tagir.valeev B3 files): MismatchedCollectionQueryUpdate: support constructors with
Change 0621eel8 by tagir.valeev B1 file): java.lang.Math methods annotated as pure

Failed tests summary: 1 (1 new)

(new) com.intellij.java.propertyBased.JavaCodeInsightSanityTest.testRandomActivity
O

org.jetbrains.jetCheck.PropertyFalsified: Falsified on DependencyVisitorTest.java[
InvokeCompletion{DependencyVisitorTest.java, offset=2165, selected 'StringBufferInputStream' with "'\n'}
L ————————————
Minimized in 7 stages, by trying 16 examples
To reproduce the last iteration, run PropertyChecker.forAll(...).rechecking(-2168976476482686776L, 72).shouldHold(...
. e

failure reason: java.lang.AssertionError: import java.io.StringBufferInputStream;class Dummy
.intellij.psi.impl.source.tree.injected.DocumentW.calculateMinEditSequence(DocumentWindowImpl.java:788)
.intellij.psi.impl.source.tree.injected.InjectedF.rootChanged(InjectedFileViewProvider.java:61)

.intellij.psi.impl.source.PsiFileImpl.subtreeChanged(PsiFileImpl.java:376)
.intellij.psi.impl.source.PsiJavaFileBaseImpl.subtreeChanged(PsiJavaFileBaseImpl.java:67)
.intellij.psi.impl.source.tree.CompositeElement.subtreeChanged(CompositeElement.java:91)
.intellij.psi.impl.source.tree.CompositeElement.rawAddChildren(CompositeElement.java:774)

16



Property-based testing. A KaK e a?

private String generateComplexHtmlPreview
(String title, String text) {
return title + text;

¥

void example() {
generateComplexHtmlPreview("®e", "I'Ha");

}



Property-based testing. A KaK e a?

@RunWith(JUnitQuickcheck.class)
public class SpellCheck {
@Property
public void noSwear(String text,
String title) {
String generated =
preview(text, title),;
assertFalse(generated.contains("X

}
}

18



Property-based testing. KntouyeBble cnoBa

@GeneratorConfiguration
@interface SwearWordParts {}

static class SwearGenerator extends Generator<String> {
P * public String generate(SourceOfRandomness random,
Generators GenerationStatus status) {
int n = random.nextInt();

® ConStralntS return swearWordPart(n);

. . }
¢ S;r]r1l1|(|r]£; public void configure(SwearWordParts anno) {
}
}

@RunWith(JUnitQuickcheck.class)
public class RunCheck {
@Property
public void noSwear
(@SwearWordParts String text,
@SwearWordParts String title) {
assertFalse(preview(title, text).contains("X"));

}
}

19



Property-based testing. KntouyeBble cnoBa

¢ GeneratO rS @RunWith(JUnitQuickcheck.class)

public class RunCheck2 {

e (Constraints =P @roperty

public void noSwear(String text,
@InRange(minInt = 1900,

¢ Shrinking maxInt = 1999) Year year) {

assumeThat(text.length(), greaterThan(4));
assertFalse(preview(year.toString(), text).contains ("

}

20



Property-based testing. KntouyeBble cnoBa

* (Generators |
. @Override
 Constraints public List<String>

. . doShrink(SourceOfRandomness r, String w) {
° Shrlnklng m==lp return Arrays.asList(
w.substring(0, w.length() / 2),
w.substring(w.length() / 2),
w.substring(0, w.length() / 3),
w.substring(2 * w.length() / 3));



[MHammnyeckmnm aHanm3: ANLEronoBoCTb

Model checking
Mpumep: JPF



NnHamumnyecknn aHanus: Java Path Finder

java gov.nasa.jpf.JPF MyTestClass

JPFVM

Projects/Listeners

*jpf-actor - Tool and framework for systematic testing of actor programs (e.g. Scala)
*jpf-aprop - Java annotation based properties and their corresponding checkers

Sta te 4 mem  wmm  wem cjpf-awt - JPF specific library implementations for java.awt and javax.swing

*jpf-awt-shell - specialized JPF shell for model checking java.awt and javax.swing applications
*jpf-concurrent - optimized java.util.concurrent library implementation for JPF
*jpf-delayed - postpones non-deterministic choice of values until they are used
*jpf-quided-test - Framework for guiding the search using heuristics and static analysis

_ fO rwa rd () *jpf-mango - specification and proof artifact generation
jpf-numeric - an alternative bytecode set for inspection of numeric programs
ejpf-racefinder - a precise data race detector in a relaxed Java memory model

= ba C kt ra Ck() *jpf-rtembed - programs for real-time and embedded platforms (e.g., RTSJ and SCJ)

*jpf-statechart - UML statechart modeling

- resto restate () «net-iocache - I/O cache extension to handle network communication
*jpf-cv - compositional verification using JPF

*jpf-nas - model checking of distributed multithreaded programs

23


https://babelfish.arc.nasa.gov/trac/jpf/wiki/projects/jpf-actor
https://babelfish.arc.nasa.gov/trac/jpf/wiki/projects/jpf-aprop
https://babelfish.arc.nasa.gov/trac/jpf/wiki/projects/jpf-awt
https://babelfish.arc.nasa.gov/trac/jpf/wiki/projects/jpf-awt-shell
https://babelfish.arc.nasa.gov/trac/jpf/wiki/projects/jpf-concurrent
https://babelfish.arc.nasa.gov/trac/jpf/wiki/projects/jpf-delayed
https://babelfish.arc.nasa.gov/trac/jpf/wiki/projects/jpf-guided-test
https://babelfish.arc.nasa.gov/trac/jpf/wiki/projects/jpf-mango
https://babelfish.arc.nasa.gov/trac/jpf/wiki/projects/jpf-numeric
https://babelfish.arc.nasa.gov/trac/jpf/wiki/projects/jpf-racefinder
https://babelfish.arc.nasa.gov/trac/jpf/wiki/projects/rtembed
https://babelfish.arc.nasa.gov/trac/jpf/wiki/projects/jpf-statechart
https://babelfish.arc.nasa.gov/trac/jpf/wiki/projects/net-iocache
https://babelfish.arc.nasa.gov/trac/jpf/wiki/projects/jpf-cv
https://software.nasa.gov/software/ARC-17301-1

NnHamumnyecknn aHanus: Java Path Finder

boolean workTime(int hour, int minute) {
if (hour >= 20) return false;
if (hour < 8) return false;
if (hour == 14) { // ob6ed
return minute > 30;

¥

return minute > 5; // 3apA0ka kaxowil 4Yac

24



NnHamumnyecknn aHanus: Java Path Finder

boolean workTime(int hour, int minute) {
if (hour >= 20) return false;
if (hour < 8) return false;

if (hour == 14) { // o6eo ‘
return minute > 30;
}

return minute > 5; // 3apAadka KaxOelli 4ac

Symbolic executor:
- Symbol(hour)
- Symbol(minute)

+

Test cases: Constraint solver:

- workTime(20, 0) « - Hour >=20

- worktime(14, 30) - Hour=14 A

- .. minute=(-o=..30]

Constraints:
- Hour >= 20

- Hour=14 A minute <= 30

25




I'quelv\y LI,MHaMMLIECKMﬁ dHaAJ/IN3 UHOITA4d HE N

POCKOCMOC @ @roscosmos - 28 Mov 2017
CerogHa ocywectenéd nyck FH «Coroz-2.10=. [onoeHoi Gnok Obin BEIEEAEH Ha
2343HHYH NpoMeXyTouHyH opbuTy. O4HaKo B X048 NA3HOBOID CEAHCA CBAZM C

EOCMWYECKMM annapaTomM = MeTteo - Wz He YO3N0CE YCTEaHOEWMTE CEAZL MO

NPWYKHE OTCYTCTEWA ero Ha ueneeoi opbuTte. MHDOopMaUKWA 3HanMIMpyeTCa.

OAXO0AUT

a4
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CTaTuyeckmm aHanums

- be3 3anycka nporpammbi!
- be3 cneundunyeckoro xenesal!
- be3 oKpykeHuna!



CTtaTuyecknmn aHanmn3 obpeyen

OCTaHOBUTCA UM 3aBUCHeT?

public class CollatzConjecture {
public static void test(int n) {
while (n != 1) {
n=nx»x2-==07?n/2:3*n+ 1;
}
}

public static void main(String[] args) {
for (int 1 = 0; ; 1++) test(1l);

}



CTaTu4yeckmm aHanmns obpeyeH: npobnema octaHOBA

public class H {
static native boolean halts(String path);

static void blowYourMind(String path) {
if (halts(path)) {
while (true);

¥
}

public static void main(String[] args) {
blowYourMind("H.java:blowYourMind");

}
}

29



CrtaT.aHanu3 Balle 6ecnoneseH: Teopema Paiica

fun isPlusOne(program: String): Boolean { .. }

fun halts(program: String): Boolean {
fun stlah(a: Int): Int {
exec(program) ;
return a + 1

¥

return isPlusOne("Rice.kt:stlah")

30



CTaTu4yeckmm aHanms: Hy XoTb YTO-HUbYAbL?

Pattern Checkers
Mpumep: javac plugin, Error Prone

class EJB {

31



CTtaTu4yeckmm aHanms: javac plugin

public class SwearJavacPlugin implements Plugin {
@Override
public void init(JavacTask task, String... args) {
task.addTaskListener(new TaskListener() {
@Override
public void started(TaskEvent e) {
if (e.getKind() == TaskEvent.Kind.GENERATE) {
CompilationUnitTree tree = e.getCompilationUnit();
tree.accept(new TreeScanner<Void, Void>() {
@Override
public Void visitMethod(MethodTree methodNode,
Void aVoid) {
if (methodNode.getName().toString().contains("Fuc
Trees trees = Trees.instance(task);
trees.printMessage(Diagnostic.Kind.ERROR,
"No swearing!", methodNode, tree);

}

return super.visitMethod(methodNode, aVoid);

}
}, null);
}
}



Crtatnyecknm aHanm3: javac plugin

public class Swear {
public void printFuchsia() {}

¥

C:\rrTool>javac -processorpath production\rrTool -Xplugin:NoSwearingPlugin src\x\Swear.java
src\x\Swear.java:4: error: No swearing!
public void printFuchsia() {}

A

1 error




CTaTn4yeckmit aHanus: YoobHee natrepHbl

Inspections import org.jetbrains.annotations.Nls;
Mpumepsl: Intellij IDEA Inspections,
FindBugs, SpotBugs

public class PublicSwearing {
void showError() {
messageBox( msg: "Yo

messageBox(@N1ls String msg) {




Ctatuyeckmnm aHanus: Inspections

public class PublicSwearInspection extends LocallnspectionTool {

@NotNull
@Override

public PsiElementVisitor buildVisitor(@NotNull ProblemsHolder holder, boo..

return new JavaElementVisitor() {
@Override
public void visitlLiteralExpression(PsilLiteralExpression expression) {
if (isPublicArgument(expression) &&
expression.toString().contains("Fuc")) {
holder.registerProblem(expression, "Fuc! You swearing again");

}
}
s
}

private boolean isPublicArgument(PsilLiteralExpression expression) {
PsiElement parent = expression.getParent();
if (!(parent instanceof PsiExpressionList)) return false;

35



CtaTnyeckmnn aHanus: Inspections

public void foco(String =) 1

fool 5 kSwearﬂ};

¥

P51 Structure

v PsiMethodCallExpression:fool" Swear”)
v  PsiReferencebxpression:foo
PziReferenceParameterList
Psildentifienfoo

v PsikExpressionList
#  PsiavaTcken:LPARENTH

~  PsiLiteralExpression:"Swear"
PeilavaToken:5TRING _LITERAL

¥ PsdavaTloken:RPARENTH
PzilavaTokem:SEMICOLON

36



Ctatuyeckmnm aHanus: Inspections

private boolean isPublicArgument(PsilLiteralExpression expression) {

}

PsiElement parent = expression.getParent();

if (!(parent instanceof PsiExpressionlList)) return false;

PsiElement call = parent.getParent();

if (!(call instanceof PsiCall)) return false;

PsiMethod method = ((PsiCall) call).resolveMethod();

if (method == null) return false;

PsiExpression[] expressions = ((PsiExpressionlList) parent).getExpressions();
int argIndex = ArrayUtil.indexOf(expressions, expression);
PsiParameter[] parameters = method.getParameterlList().getParameters();
if (parameters.length <= argIndex) return false;

PsiParameter parameter = parameters|[argIndex];

return AnnotationUtil.isAnnotated(parameter, anno, true);

private static final String anno = "org.jetbrains.annotations.Nls";

37



Ctatuyeckmnm aHanus: Inspections

public class PublicSwearInspection extends LocallnspectionTool {
@NotNull
@Override
public PsiElementVisitor buildVisitor(@NotNull ProblemsHolder holder, boolean isOnTheFly,
return new JavaElementVisitor() {
@Override
public void visitlLiteralExpression(PsilLiteralExpression expression) {
if (isPublicArgument(expression) &&
expression.toString().contains("Fuc")) {
holder.registerProblem(expression, descriptionTemplate: "Fuec! You swearing again");

b Fuc! You swearing again more... (Ctrl+F1)

}s

38



Ctatnyeckun aHanus: Ewe bonee yaobHble naTrepHbl

Mpumep: Structural code search/replace



Ctatndyeckum aHanuns: Structural search

public class SSR {
volatile String cachedName;

String getName() {
String result = cachedName;
if (result == null) {
result = cachedName = compute();

"var = volatile = E" should be "volatile = var = E" more... (Ctrl+F1)

return result;

40



Ctatndyeckum aHanuns: Structural search

public class SSR {
volatile String cachedName;

String getName() {
String result = cachedName;

if (result == null) {
= compute();

result = cachedName

)

® Replace with ‘cachedName = result = compute();' P

return result;

41



Ctatndyeckum aHanuns: Structural search

Inspections x
Profile: | myMaivette Project S - 2
Q- Y I = &
 (General Description
Annotator (available for Analyze|Inspect Code

Default File Template Usage
Inconsistent line separators
Injected References

Line is lenger than allowed by code style
Problematic whitespace

Redundant suppression (available for Analyze|lnspe
Structural Search Inspection

This inspection allows to configure number of Structural
Search/Structural Replace templates to be applied to the file
you are editing.

All matches are highlighted with the ternplate name you have
configured. If you configured Structural Replace pattern,

I8 [

Syntax error (available for Analyze|Inspect Code [ 1| corresponding replace would appear as a quick fix,
TODO comment ]

»  Groovy (m]

> HTML

?  Internationalization issues

» lava [m]

> JSON Severity: Warning ~ | | In All Scopes ~

> Kotlin [m]

» Language Injection Options

> Manifest

» Pattern Validation "“var = volatile = E" should be "volatile = var = E" +

>  Pluain NevKit (m]




Ctatndyeckum aHanuns: Structural search

Structural Replace - "var = volatile = E" should be "volatile = var = E >

Search template:
Svarg = Sfieldd = 3e§;

Replacement ternplate:
ffields = Svar§ = fef;

Save Template... Edit Variables... History... Existing Templates...

Options




Ctatndyeckunn aHanms: Structural searc

Structural Replace - "var = volatile = E" should be "volatile = var = E"

Search termnplate:
Svarg = $field$ = fe§;

Replay
sfiel

Optio

Edit Variables

Variables

var
field
3

Complete Match

Contained in search template

] Invert condition

Expression constraints

Expression type (regexp):

Apply constraint within type hierarchy

Expected type of expression (regexp):

Apply constraint within type hierarchy

Script constraints

Script text:

o

Regular Expressions Help

Invert condition

Invert condition

X

N

44



Ctatndyeckum aHanuns: Structural search

Structural Replace - "var = volatile = E" should be "volatile = var = E"

Search termnplate:
fvarg = ffieldf = 3ef;

ot

Edit Variables

Variables

Pt

Regular Expressions Help

Edit Groowy Script Constraint

[import com.intellij.psi.PsiField

import com.intellij.psi.PsiModifier

import com.intellij.psi.PsiReferenceExpression

import com.intellij.psi.Psivariable

field instanceof PsiReferenceExpression &&

var instanceof PsiReferenceExpression &&

{(PsiReferenceExpression)field).resolve() instanceof PsiField &&
((PsiField){ (PsiReferenceExpression)field).resolvel) ). hasModifierProperty(PsiModifier . VOLATILE) &&

{(PsiReferenceExpression)var).resolve() instanceof PsiVariable &&
'{{PsiVariable) ((PsiReferenceExpression)var).resolve()).hasModifierProperty (PsiModifier . VOLATILE)

45



ABTOMATUYECKaa BepndmKauma: Yucta 4tob noprKaTb

Automated theorem provers
Examples: Agda, Coq, Z3

Java program verification tools

Convert to Coq JML
Example: KRAKATOA Examples: KeY, ESC/Java, OpenJML

46



ABTOMaTnyeckasa sepudpumkaums: Coqg

Inductive natlist : Type :=

| nil : natlist
| cons : nat — natlist — natlist.
Notation "x :: 1" := (cons x 1)

(at level 60, right associativity).

Fixpoint append (11 12 : natlist) : natlist :=
match 11 with
| nil = 12
| h :: t > h :: (append t 12)
end.
Notation "x ++ y" := (append x V)

(right associativity, at level 60).

47



CoQ: npumep JOKa3aTebCTBa

Theorem append assoc : V11 12 13 : natlist,
(11 ++ 12) ++ 13 = 11 ++ (12 ++ 13).
Proof.

intros 11 12 13. induction 11 as [| n 11'].
Case "11 = nil".

reflexivity.
Case "11 = cons n 11'".

simpl. rewrite — THl11'. reflexivity.

Qed.

48



Cog: obbACHEeHMe A0Ka3aTeNbCTBa

Theorem append assoc : V11 12 13 : natlist, (11 ++ 12) ++ 13 = 11 ++ (12 ++ 13).
Proof. intros 11 12 13. induction 11 as [|] n 11'].

Case "11 = nil". reflexivity.

Case "11 = cons n 11'"". simpl. rewrite — IHl11l'. reflexivity. Qed.

Teopema: Ina Bcex 11, 12, 13 BemonHseTcs (11 ++ 12) ++ 13 =11 ++ (12 ++ 13).
Jloxazamenvcmeo:. VInaykiuys no 1 1.
*baza, 11 = []. HyxHo mokasarb
([] ++ 12) ++ 13 = [] ++ (12 ++ 13),
YTO MPSIMO CIEAYET U3 ONPENCTICHUSA ++.
e[llar uaayknuu: ecim 11 =n::11", 1O
(11" ++ 12) ++ 13 = 11" ++ (12 ++ 13)
(1m0 MHAYKITMOHHOMY IPEATIONoKEeHHI0). OCTaloCh MOKa3aTh

((n ¢ 11") ++ 12) ++ 13 = (n :: 11'") ++ (12 ++ 13).
ITo onpeneneHuro ++, 3TO CIEAYET U3
n :: ((11"'" ++ 12) ++ 13) = n :: (11" ++ (12 ++ 13)),

LITO HCHOCpeI[CTBCHHO BBITCKACT U3 HpeI[HOJ'IO}KeHI/I}I NHAYKIHUH.
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CoQ: KaK 3TO BbIrNaauT B nose

File Edit View Mavigation Try Tactics Templates Queries Tools Compile Windows Help

» Coglde

EHX?rTFTLELO >0

hilb.v |8C0mpi|er.\r |8C0q|ib.v D compeert.v |

Theorem c semantic preservation:

forall p tp,

match prog p tp ->

backward simulation (Csem.semantics p) (Asm.semantics tp).
Proof.

intros.|

eapply sd traces; eapply Asm.semantics determinate.
apply factor backward simulation.

apply Cstrategy.strategy simulation.

apply Csem.semantics single events.

exact (proj2 (cstrategy semantic preservation = H)).
Qed.

apply compose backward simulation with (atomic (Cstrategy.semantics p)).

eapply ssr well behaved; eapply Cstrategy.semantics strongly receptive.
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CoqQ: KaK 3TO BbIraaunT rnyoxe

Lemma compose backward simulation:
forall 1.1 L2 L3,
single events L3 -> backward simulation L1 L2 -> backward simulation L2 L3 ->
backward simulation L1 L3.
Proof.
intros L1 L2 L3 L3single S12 S523.
destruct S12 as [index order match states props].
destruct 523 as [index' order' match states' props'].
apply Backward simulation with (bb order order order') (bb match states L1 L2 L3 match states match states');
constructor.
- (* well founded *)
unfold bb order. apply wf lex ord. apply wf clos trans. eapply bsim order wf; eauto. eapply bsim order wf; eauto.
- (* initial states exist *)
intros. exploit (bsim initial states exist props); eauto. intros [s2 A].
eapply (bsim initial states exist props'); eauto.
- (* match initial states *)
intros sl1 s3 INIT1 INIT3.
exploit (bsim initial states exist props); eauto. intros [s2 INITZ2].
exploit (bsim match initial states props'); eauto. intros [i2 [s2' [INITZ2' M2]]].
exploit (bsim match initial states props); eauto. intros [il [sl' [INIT1' M1]]].
exists (il, i2); exists sl1'; intuition auto. eapply bb_match_at; eauto.
- (* match final states *)
intros i s1 s3 r MS SAFE FIN. inv MS.
exploit (bsim match final states props'); eauto.
eapply star safe; eauto. eapply bsim safe; eauto.
intros [s2' [A B]].
exploit (bsim EO star props). eapply star trans. eexact HO. eexact A. auto. eauto. auto.
intros [il' [s1" [C D]]].
exploit (bsim match final states props); eauto. eapply star safe; eauto.
intros [=1'" [P Q]].
exists sl1''; split; auto. eapply star trans; eauto.
- (* progress *)
intros i1 sl s3 MS SAFE. inv MS.
eapply (bsim progress props'). eauto. eapply star safe; eauto. eapply bsim safe; eauto.
- (* simulation *)
apply bb simulation; auto.
- (* symbols *)
intros. transitivity (Senv.public symbol (symbolenv L2) id); eapply bsim public preserved; eauto.

Qed. 52
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ABTOBEpUPUKaumAa Java:

public static int[] mergeArrays(int[] al, int[] a2) {
if (al.length == 0) {
return a2;
}
else if (a2.length == 0) {
return al;

}

else {
int[] result = new int[al.length + a2.length];

copy(al, result, 0, al.length);
copy(a2, result, al.length, a2.length);

return result;

}
}

private static void copy(int[] array, int[] result, int
for (int 1 = 0; i< n; 1++) {
result[i+out] = array[i];
}
}

KeY

out, int n) {
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ABToBepuduKauma Java: KeY

/*@ normal_behaviour
@ requires al != null && a2 != null;
@ ensures (\result != null && \result.length == al.length + a2.length);

@ ensures (\forall int j; @ <= j && j < al.length; \result[j] == al[j]);
@ ensures (\forall int j; al.length <= j && j < al.length + a2.length; \result[j] == a2[j-
al.length]);
@ assignable \nothing;
@*/
public static int[] mergeArrays(int[] al, int[] a2) {
if (al.length == 0) {
return a2;
}
else if (a2.length == 0) {
return ail;

}

else {
int[] result = new int[al.length + a2.length];

copy(al, result, 0, al.length);
copy(a2, result, al.length, a2.length);

return result;

}



ABToBepuduKauma Java: KeY

/*@ normal behaviour

@ requires array != null & n >=0 && n <= array.length & n <= result.length;

@ requires array != result;
@ requires out >= 0 && out <= result.length - n;
@ ensures (\forall 1int j; 0 <= j && j < n; result[j+out] == array[j]);
@ assignable result[out..out+n-1];
@*/
private static void copy(int[] array, int[] result, int out, int n) {
/*@
@ Loop invariant 1>=0 && 1 <= n;
@ Loop 1invariant (\forall int j; @ <= j && j < 1; result[j] == array[j]);
@ decreasing n-1i;
@ assignable result[out..out+n-1];
@*/
for (int 1 = 0; i< n; i++) {
result[i+out] = array[1i];
}
}
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KeY: ronoBou an cTeny

mX arr_2 =al TRUE
scdx_arr_2 =al FALSE
1735:applyEqReverse
1736:hideAuxiliaryEq
1737:replace_known_right
a2 1738:0ne Step Simplification: 1 rule
=2 ifthenelse false ON \if (false) \then (a1[j_O0 + a1.length * -1]J@anon_heap_ copy«anonHeapFunctior
1739:eqSymm
1740:applyEq
1741:applyEq
& 1742:0PEN GOAL|
23CUT: a2.length < j_0 FALSE
2 1635:0ne Step Simplification: 1 rule
=concrete_or_2 ON falsev x_arr_2[j_O]J@anon_heap_copy_0O«anonHeapFunction» = a2[j_0]
1636:inEqSimp_legRight
1637:polySimp_mulComm0O
1638:applyEqg
1639:eqSymm
1640:inEqSimp_sepPosMonomial1
1641:polySimp_mulComm0O
1642:polySimp_rightDist
1643:mul_literals
1644 polySimp_mulLiterals
1645 polySimp_elimOne
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al.length = j 0,

a2.length = 1 + j 0 + al.length * -1,
x_arr_2.length = al.length + a2.length,
int[]::exactInstance (x arr 2) = TRUE,
az.length = 1,

j0=1,

al.length 1,

al.length = j 0 * -1,

aZ2.length = al.length * -1,
wellFormed (heap),

al.<created> = TRUE,

aZ.<created> = TRUE,

measuredByEmpty,

I

wellFormed (anon heap copy«anonHeapFunctions),
heap[create(x_arr 2)]

[¥ arr_ 2.<transient> := 0]

[x arr 2.<transactionConditionallyUpdated> := FALSE]

[x arr 2.<initialized> := FALSE]

[memset (arrayRange (x_arr 2, 0, -1 + al.length + aZ.length), 0)]
[x arr 2.<initialized> := TRUE]

[anon (arrayRange (x_arr 2, 0, -1 + al.length), anon heap copy«anonHeapFunctions)]
= heapAfter copy,
exc 0 = null,
a2[j_0 + al.length * -1] = al[j_0 + al.length * -1],
¥ int §; (1 = -1 v j = al.length V x arr 2[j]l@heapAfter copy = al[j]Rheapafter copy),
wellFormed (anon heap copy O«anonHeapFunctions),
heapAfter copy[anon(arrayRange (x_arr 2, al.length, -1 + al.length + a2.length), anon heap copy O«anonHeapFunction»)] = heapRfter copy 0,
exc_1 = null,
aZz.length = 1 + j 0 + al.length * -2,
al.length * 2 > 1 + 3 0,
¥ arr 2[j 0 + al.length * -1]RBanon heap copy«ancnHeapFunction» = al[j 0 + al.length * -1],
aZ.length = j 0,
¥ int j; (J = -1 v j = a2.length V x arr 2[j]@heapAfter copy 0 = a2[j]l@heapiAfter copy 0)
x arr 2 = al,
X _arr 2 = aZz,
X arr Z2.<created> = TRUE,
X arr 2 = null,
al = null,
a2 = null,
¥ arr 2[Jj 0O]@anon heap copy O«anonHeapFunction» = all[j 0 + al.length * -1]



KeY: KaK HanTn UronKy B bo4Ke

/*@ normal behaviour

@ requires array != null && n >=0 && n <= array.length & n <= result.length;

@ requires array != result;

@ requires out >= 0 && out <= result.lengtg —
@ ensures (\forall int j; 6 <= j && j < n;= array[j]);
@ assignable result[out..out+n-1];
@*/
private static void copy(int[] array, int[] result, int out, int n) {
/*@
@ Loop 1invariant 1>=0 && 1 <= n;
@ Loop invariant (\forall int j; 0 <= j && j < 1i,; result[j+out] == array[j]);
@ decreasing n-1i;
@ assignable result[out..out+n-1];
@*/
for (int 1 = 9; 1< n; 1++) {
result[i+out] = array[i];
}

}
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KeY: KaK HanTn UToNKy B bo4Ke

/*@ normal behaviour

@ requires array != null && n >=0 && n <= array.length & & n <= result.length;

@ requires array != result;

@ requires out >= 0 && out <= result. lengt e
@ ensures (\forall int j; 0@ <= j & & j < n; Qresult[j+out]R=

= array[j]);
@ assignable result[out..out+n-1];
@*/
private static void copy(int[] array, int[] result, int out, int n) {
/*@

@ Loop 1invariant 1>=0 && 1 <= n;
@ Loop invariant (\forall int j; 0 <= j & & j < 1i; result[j+out] == array[j]);
@ decreasing n-1i;
@ assignable result[out..out+n-1];
@*/
for (int 1 = 9; 1< n; 1++) {
result[i+out] = array[i];
}

}
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KeY: Hy HaKOHeU-TOo

Proof closed -,
@ Proved.
Modes 1,338
Branches 20
Interactive steps 0
Automode time 1443ms
Avg. time per step 1.079ms

Rule applications
Quiantifier instantiations 2
Cne-step Simplifier apps 212
SMT solver apps 0
Dependency Contract apps 0
Operation Contract apps 2

Loop invariant apps 0
Join Rule apps 0
Total rule apps 2590

OK




Mopanb

- IMHaMMYeCKNN aHaNns:
- Instant Feedback - Het
- Detectors — [la
- Property-based testing — OueHb [la
- Model checking — Ewle He o4yeHb
- CTaTU4YeCcKnn aHanms:
- Checkers/inspections — [la
- IDE/AST matchers — 1a
- Auto verification — [1a)ke He aAymaunTe



