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Deep Dive into JVM JDI: Capturing Live Execution for
Automatic JUnit Test Generation
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Yem Mbl, cOOCTBEHHO, 3aHMMaemMca?

. spring-petclinic v % main v o PetClinicApplication v [> £ @ c%. Q %
PetValidator.java : Veai [emo paboThbl ¢ PetV...

TAY @ R BE B 8
S & Me
cAenav BUAA, Y4TO Thbl AeNaellb YTO-TO BaxHoe B PetValidator MHe ans pemo Ha
PetValidator implements Validator { KOH®EepeHL N Hapo. Ha MUHYTY-ABe, MOKaXW YTO yMeellb

3 3 T 3 i XopoLwo, ceiyac ycTpo BnevaTnsouee gemo! &
private static final String REQ

[E) Analyzed PetValidator.java (lines 1-60)
private

private static String T W = [ Analyzed PetValidator.java (lines 60-65)

private static final String FUT A tureDate Q Searched for class Pet in Pet.java

@0verride & & Analyzed Petjava (lines 1-80)

lic void validate(Object obj, Errors errors) {

Pet pet = (Pet) obj; 3 < 5 X

2 Q Searched for files PetValidatorTests.javain [
String name = pet.getName();

if (!StringUtils.hasText(name))

errors.rejectValue( ¢

5-Changes OReject All Accept All 4 Auto Review

@

} Edit scope
else if (name.length() > M

>
.

errors.rejectValue(

25k / 200k

T O

REQUIRED




Tnzep (1)
THE DEVELOPERS DILEMMA

TesSTS?
OR
~© NO TESTS? J
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‘ SKIP IT'
5H|P \T FAST
WORK oN!

/' \WHO NEEDS IT? '> 2 ;
LOGIC 1S SIMPLE. :
~{ DEADLINE! ; g ) e

\ < WRITE TESTS!

(| STABLE CODE SAVES
{ LIVES & DEADLINES!



Tnzep (2)

REAL RUNTIME —> UNIT TEST GENERATOR

app-run(data)
;i.l;.q’uery()

9 j 4Ii!E!IF

’ REAL <} -->

<[> JAVA <>
€°°> RUNTIME *
:"\ fib.atuerj()

‘ @Test

MOCKS void testExecution() {
' assertEquals(expected,
; i actual);
% W)
I RETURN
VALUES S |
RECORDER : .
2 GENERATED

JUNIT TEST

GENERATOR



Kak MOXHO ObIno 6bl UCNonb3oBaTbh TAKOW NHCTPYMEHT?

e “BecnnartHble” OHUT-TECTbI C peanbHbIMU AAaHHBIMM
[
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Kak MOXHO ObIno 6bl UCNonb3oBaTbh TAKOW NHCTPYMEHT?

“becnnaTHble” IOHUT-TECTbI C pearibHbIMN AaHHbIMU
dukcupyemca nepen pedrakTopuHrom

Cnyck no nMpamuae TecTUMpoBaHUS

[NomoLb B oTnagke 6aros

QA moryT otaaeaTb reproducing-example
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[emo (reHepupyem TecT 13 peanbHOro UCMONHEeHUs)
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[TnaH

e Pas3bop 3agaun
o
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[TnaH

e Pas3bop 3agaun
e Buibop TexHonorum
[
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[TnaH

Pa3bop 3agauu
Beibop TexHonorum
JDI/JDWP/JVMTI
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[TnaH

Pa3bop 3agauu
Beibop TexHonorum

JDI/JDWP/JVMTI
Peanusauua anroputma
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[eHepaumnsa Tecta U3 peanbHOro UCNonHeHns (Npumep)

public class Calculator { class CalculatorTest {
public int add(int a, int b) {
return a + b; @Test
s void add_test_reproduced() {
s // Arrange
Calculator ¢ = new Calculator();
int a = 2;
int b = 3;
public class App { Q // Act
public static void main(String[] args) { int result = c.add(a, b);
Calculator ¢ = new Calculator();
int r = c.add(2, 3); // Assert
, System.out.printin(r); assertEquals(5, result);
}

}

16



HameTok anropntma

e Cobupaem COCTOAHUA:
O Ha Bxoge: this, aprymeHTbl
O Ha BbIxoge: return value
o BOCCO3,D,aeM OOBbEKTHI class CalculatorTest {

e KoHBepTupyem snapshot B Tect-koa @Test
void add_test_reproduced() {

. Calculator ¢ = new Calculator();
public class Calculator { int a

= 2;
public int add(int a, int b) { int b = 3;
// Method entry: Calculator = {}; a =2; b =3 :>
?/et#er‘tnhoad +exbi;t' rtv = 5 HE resuLt = c-add(a, b
, :
} assertEquals(5, result);
}



HameTok anropntma

e Cobupaem COCTOAHUA:
O Ha Bxoge: this, aprymeHTbl
o Ha Bbixoae: return value
e Bocco3nae Test {

e KoHBepTUup [MoyemMy HeT Takoro MHCTpymeHTa B kaxkgoun IDE?

test_reproduced() {

e ator ¢ = new Calculator();
public class Calculator { int a = 2; !
public int add(int a, int b) { int b = 3;
// Method entry: Calculator = {}; a =2; b =3 :>
r/‘/et#ertnhoad +exbi;t' rtv = 5 HE resuLt = c-add(a, b
, :
} assertEquals(5, result);



C yeM noteHumanbHO Mbl CTONMKHEMCA?

e HepeTepMMHU3M: MHOIONOTOYHOCTb, CIly4anMHOCTb.

public int add(int a, int b) {

if (LocalTime.now().isAfter(NOON)) {
return a + b;

} else {
return 0O;

}

}

19



C yeM noteHumanbHO Mbl CTONMKHEMCA?

e HepeTepMMHU3M: MHOrOMNOTOYHOCTb, CNY4YaNHOCTb.
e CnoxHble 06beKTbI: “god objects”, Spring-cepBuChI, NEHUBbLIE NPOKCH
(Hibernate) n T.4.

public class Calculator {

private ApplicationContext context;

public int add(int a, int b) {
return a + b;

hy
hy
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C yeM noteHumanbHO Mbl CTONMKHEMCA?

e HepeTepMMHU3M: MHOTONOTOYHOCTb, CITy4anHOCTb.

e CnoxHble 06beKTbI: “god objects”, Spring-cepBuChI, NEHUBbLIE NPOKCH
(Hibernate) n T.4.

e Unit/Integration: kak NOHATL, YTO MOKaTb, a YTO MbITaTbCA BOCCTAaHaBNNBATL?

public int add(int a, int b) {
int result = a + b;

billingService.chargeClient(result);
return result;

by
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C yeM noteHumanbHO Mbl CTONMKHEMCA?

e HepeTepMMHU3M: MHOrOMNOTOYHOCTb, CNY4YaNHOCTb.

e CnoxHble 06beKTbI: “god objects”, Spring-cepBuChI, NEHUBbLIE NPOKCH
(Hibernate) n T.4.

e Unit/Integration: Kak NOHATb, YTO MOKaTb, a YTO MbITaTbCA BOCCTaHaBNMBATbL?

e CTtonmocTtb/PecypcoeMKocTb

22



BbiGop TexHOMornm ana peLeHns 3agadu

e javaagent

o C nomowbto Instrumentation TpaHcdopmupyem 6anTkog Npu 3arpyske
Knacca

public static void premain(String args, Instrumentation inst) {

inst.addTransformer((loader, className, classBeingRedefined, domain, bytes) — {
// transform bytes:

// - add captureEnter(a,b,this)
// - add captureExit(result)

// - add captureThrow(ex)
return transformedBytes;

)
}
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BbiGop TexHOMornm ana peLeHns 3agadu

e AOP
o Bokpyr meTogoB fobasnsem nornpyrowwmnm advice

@Aspect
@Component
public class CaptureAspect {

@Around("execution(* example.PriceService.calcPrice(..))")
public Object around(ProceedingJoinPoint pjp) throws Throwable {
Object[] args = pjp.getArgs(); // Bx00
Object target = pjp.getTarget(); // this (npokcu/6uH)

Object result = pjp.proceed(); // BbINMOJIHEHUE
// captureExit(target, args, result)
return result;

24



BbiOop TexHonornm ans peLueHns 3agadn

e javaagent
o C nomoubto Instrumentation TpaHcdopmupyem 6anTkog Npu 3arpyske
Kriacca
e AOP
o Bokpyr meTogoB nobaensiem norupyrowmm advice

25



BbiGop TexHOMornm ana peLeHns 3agadu

e JDI
o [logkntoyaemcd K jvm kak debugger
o Kmeem OocCTyn K OTrago4HON MoLenu
o He meHaem 6anTtkon

public class Calculator {
public int add(int a, int b) {
® return a + b;
}
}

26



JVM Debugging Stack: JVMTI / JDWP / JDI

e B otnagke JVM Bcerga eCcTb ABE CTOPOHbI:
o Debuggee — JVM nipunoxeHuns (Tam BbINOMHAETCH Ball Kof).
o Debugger — MHCTPYMEHT, KOTOPbLIN NOOKNIOYaETCA U ynpasnaeT
OCTaHOBKaMu/4TeHNEeM COCTOAHUS

27



JVM Debugging Stack: JVMTI / JDWP / JDI

e B otnagke JVM Bcerga eCcTb ABE CTOPOHbI:

®)
®)

Debuggee — JVM npunoxeHus (Tam BbIMOSMHAETCA BaLl KOA).
Debugger — MHCTpPYMEHT, KOTOPbIN NOAKIIKYAETCA U yrnpasndeT
OCTaHOBKaMu/4TeHNEeM COCTOAHUS

e (OCHOBHbIE KOMMNOHEHTHI

©)

JVMTI — HaTuBHbIM nHTepdrenc BHyTpn JVM (areHT B npouecce
debuggee)

JDWP — npotokon, no kotopomy debugger obuwiaetcs ¢ debuggee
(0BbIYHO COKET)

JDI — Java API nosepx JDWP

28



JVM Debugging Stack: JVMTI / JDWP / JDI

|

8 sowp

Debuggee JVM

C++
JVMTI

Native C/C++ Interface for
\ access and control

~

il

Java Debug Wire Protocol J

du

e JDWP Agent

il

i

Java Debug Interface

\_

J

Debugger JVM

29



JDI

e JVM-Debug-API, kotopoe nosepx JDWP gaét o0bekTHYO Moaenb oTnagvnka
n yoobHyto event-cuctemy
e OcHoBHble cywHocTtn JDI
o VirtualMachine
O

30



JDI

e JVM-Debug-API, kotopoe nosepx JDWP gaét o0bekTHYO Moaenb oTnagvnka
n yoobHyto event-cuctemy
e OcHoBHble cywHocTtn JDI
o VirtualMachine
o Event -> EventRequest
O
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JDI

e JVM-Debug-API, kotopoe nosepx JDWP gaét o0bekTHYO Moaenb oTnagvnka
n yoobHyto event-cuctemy

e OcHoBHble cywHocTtn JDI

VirtualMachine

Event -> EventRequest

ThreadRereference/StackFrame

O O O O
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JDI

e JVM-Debug-API, kotopoe nosepx JDWP gaét o0bekTHYO Moaenb oTnagvnka
n yoobHyto event-cuctemy

e OcHoBHble cywHocTtn JDI

VirtualMachine

Event -> EventRequest

ThreadRereference/StackFrame

Value/ObjectReference/ReferenceType

O O O O
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JDI Event system

Debugger
EventRequestManager
l-createBreakpointRequest() EventQueue
createStepRequest()
...
JDWP (wire)
Debuggee (Target JVM + JDWP Agent)
EventRequest JVM Execution
Registry hooks Engine
-Breakpoints <—> ucrnonHaeTca 6aiTkop
[-Step requests BbIMNOJIHANTCH MNPOBEPKMU
... cobbiTuin
reHepupywTcsa events
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JDI Event system

Debugger

EventRequestManager

l-createBreakpointRequest()
createStepRequest()

...

EventQueue

Event Request

JDWP (wire)

J

EventRequest
Registry hooks

Debuggee (Target JVM + JDWP Agent)

JVM Execution
Engine

-Breakpoints :_____:

-Step requests
...

ucrnonHaeTca 6aiTkop
BbINMOJIHAKNTCHA NPOBEPKMU
cobbITui

reHepupynTca events
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JDI Event system

Debugger
EventRequestManager
l-createBreakpointRequest() EventQueue
createStepRequest()
...
Event Request Event

JDWP (wire)

I

EventRequest
Registry hooks

Debuggee (Target JVM + JDWP Agent)

JVM Execution
Engine

-Breakpoints :_____:

-Step requests
...

ucrnonHaeTca 6aiTkop
BbINMOJIHAKNTCHA NPOBEPKMU
cobbITui

reHepupynTca events
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[Mpnmep (1)

e 3anyckaem debuggee JVM:

o Jjava -agentlib:jdwp=transport=dt_socket, server=y,suspend=y,address=%:5005 ..
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[Mpnmep (1)

e 3anyckaem debuggee JVM:

o java -agentlib:jdwp=transport=dt_socket, server=y,suspend=y,address=%:5005 ..
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[Mpnmep (1)

e 3anyckaem debuggee JVM:

o java -agentlib:jdwp=transport=dt_socket, server=y,suspend=y,address=*:5005 ..
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[Mpnmep (1)

e 3anyckaem debuggee JVM:

o java -agentlib:jdwp=transport=dt_socket,server=y,suspend=y,address=*:5005 ..
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[Mpnmep (1)

e 3anyckaem debuggee JVM:

o java -agentlib:jdwp=transport=dt_socket,server=y,suspend=y,address=*:5005 ..
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[Mpnmep (1)

e 3anyckaem debuggee JVM:

o Jjava -agentlib:jdwp=transport=dt_socket, server=y,suspend=y,address=%:5005 ..

e 3anyckaem debugger

VirtualMachine vm = attach("localhost", "5005");

42



[Mpnmep (1)

e 3anyckaem debuggee JVM:

o Jjava -agentlib:jdwp=transport=dt_socket, server=y,suspend=y,address=%:5005 ..

e 3anyckaem debugger

VirtualMachine vm = attach("localhost", "5005");

EventRequestManager erm = vm.eventRequestManager();

43



[Mpnmep (1)

e 3anyckaem debuggee JVM:

o Jjava -agentlib:jdwp=transport=dt_socket, server=y,suspend=y,address=%:5005 ..

e 3anyckaem debugger

VirtualMachine vm = attach("localhost", "5005");

EventRequestManager erm = vm.eventRequestManager();

ReferenceType clazz = vm.classesByName("com.example.Calculator").get(0);
Method method = clazz.methodsByName("add").get(0Q);

Location location = method.location();
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[Mpnmep (1)

e 3anyckaem debuggee JVM:

o Jjava -agentlib:jdwp=transport=dt_socket, server=y,suspend=y,address=%:5005 ..

e 3anyckaem debugger
VirtualMachine vm = attach("localhost", "5005");
EventRequestManager erm = vm.eventRequestManager();
ReferenceType clazz = vm.classesByName("com.example.Calculator").get(0);
Method method = clazz.methodsByName("add").get(0Q);
Location location = method.location();
BreakpointRequest bp = erm.createBreakpointRequest(location);

bp.setSuspendPolicy (SUSPEND_EVENT_THREAD); // SUSPEND_ALL, SUSPEND_NONE
bp.enable();

45



[Mpnmep (2)

Debugger:

EventQueue queue = vm.eventQueue();

EventSet set = queue.remove();

46



[Mpnmep (2)

Debugger:

EventQueue queue = vm.eventQueue();

EventSet set = queue.remove();
for (Event event : set) {

if (event instanceof BreakpointEvent bpEvent) {

h
hy
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[Mpnmep (2)

Debugger:

EventQueue queue = vm.eventQueue();

EventSet set = queue.remove();

for (Event event : set) {

if (event instanceof BreakpointEvent bpEvent) {
ThreadReference thread = bpEvent.thread();

StackFrame frame = thread.frame(0);

h
hy

set.resume();



[Mpnmep (2)

Debugger:

EventQueue queue = vm.eventQueue();

EventSet set = queue.remove();
for (Event event : set) {
if (event instanceof BreakpointEvent bpEvent) {
ThreadReference thread = bpEvent.thread();
StackFrame frame = thread.frame(0);

ObjectReference thisObj = frame.thisObject();
Map<LocalVariable, Value> locals = frame.getValues(frame.visibleVariables());

System.out.println("Breakpoint hit!");

h
hy

set.resume();

49



Pa3sHoBuaHocTu Event Request-oB

e KOHTpOnb BbINOMHEHUS

©)

O O O O

BreakpointRequest
StepRequest
MethodEntryRequest
MethodExitRequest
ExceptionRequest

50



Pa3sHoBuaHocTu Event Request-oB

e XKusHeHHbIn uukn JVM

o VmStartRequest

o VmDeathRequest

o VmDisconnectRequest

o ClassPrepareRequest
e [lOTOKM N MOHUTOPDI
ThreadStartRequest
MonitorContendedEnterRequest
MonitorWaitRequest
MonitorWaitedRequest

O O O O
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PuneTpbl

e Ha kaxabin Request MOXXHO NOBECUTL OOMH UITN HECKOSBLKO (PUNLTPOB
class filter

thread filter

instance filter

count filter

O O O O
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YTOo MOXHO genaTtb, Korga npuwen Event

e HaBurauma no crteky
o thread.frames()
e [Ina kaxpgoro dpenma
o [lony4yeHune nokasnbHbIX NepeMeHHbIX
o this, args
e [lnsa kaxgoro obbekTa
o [lony4yeHne noneu
o WameHeHWe nonen
o BbI3oB meTogoB
o [lonyyeHwne Tnna
e [lng kaxkporo tTuna
o [lony4yeHne metonoBs, Noneu



JDI. 3a Bce Hy>XHO NnaTuTb...

e Debug JVM != Production JVM
o [lpwn nogkntovyeHnn areHta JVM MeHSIET pexnm paboTsl
e JIT De-optimization
o KoMmnunatop OTKoYaeT arpeccuBHble ONTUMM3aLINK
o Pesynbrar: Kog paboTtaet meaneHHee, 4Yem B nNpodaklleHe
e HaknagHble pacxoabl (Overhead)
o Kaxpoe cobbiTne (Event) — ato Tpadomk yepes JDWP (cokeT/mamaTsb)
o YacTble nBeHThl (Hanpumep, StepRequest B Uukne) Moryt samMeannTb
NcnosiHeHne BO MHOIo pa3
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JDI. StepRequest - 3n0. Hy, noytu...

e Bebicokas ctommocTb (Performance Hit)
o [eHepauus cobbITUS Ha Kaxayr MHCTpYyKUMio banTkoaa
o OrpoMHbIN NOTOK AaHHbIX mexay Debuggee n Debugger
e «[lpblratoLiee» UcnosiHeHne
o CuHTeTnyeckne metoabl (Bridge methods, Lambdas)
o [eTTepbl U ceTTepbl TloMboKa
o [lebarrep MOXeT “3anTn He B Ty ABEPb”
o dunbTpaums
o HeobxogumocTsb xecTknx punerpos (addClassExclusionFilter), 4ToObl He
nebaxutb java.lang.”
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JDI. PUckn nameHeHunsa coctosaHus

e invokeMethod()
o [lo3Bonset Bbi3BaTb toString(), rettep nnu nbon meto Ha obbekTe BO
BpeMsi nay3bl
e MexaHuKa BbINOSIHEHNS
o MeToq BbINOSTHAETCA B TOM e NOTOKE, KOTOPbIN cenyac OCTaHOBIIEH
(suspended)
e Deadlock Hazard
o [loTtok A gepxunt Lock X n xpet gebarrepa
o [lebarrep 4yepes invokeMethod Bri3biBaeT meTtoa, kKoTopomy HyxeH Lock X
o Wrtor: Deadlock. Bcsa JVM BucHer
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[loabITOXUM

e JDI — HuskoyposHeBbin APl ynpasneHus BoinonHeHnem JVM, koTopbin
paboTaet yepes:
O OCTaHOBKY MOTOKOB
o cobbITnsA
o snapshot’bl cocTOAHMSA
e KHCTpyMmeHTbI, NnocTpoeHHble nosepx JDI
o |IDE debuggers (ldea, VS Code, ...)
o Research tools (Slicer, Invariant Miners)
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BepHemca K Halleun 3agade

Nogknw4yaeMcss K MalWHe

VirtualMachine vm = attach("localhost", "5005");
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BepHemca K Halleun 3agade

Nogknw4yaeMcss K MalWHe

VirtualMachine vm = attach("localhost", "5005");

CtaBuM breakpoint B mMeTon (Ha BXomg M Bbixopn)

EventRequestManager erm = vm.eventRequestManager();

ReferenceType clazz = vm.classesByName("com.example.Calculator").get(0);
Method method = clazz.methodsByName("add").get(0);

Location location = method.location();

BreakpointRequest bp = erm.createBreakpointRequest(location);
bp.setSuspendPolicy (SUSPEND_ALL);

bp.enable();
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Nogknw4yaeMcss K MalWHe

VirtualMachine vm = attach("localhost", "5005");

Cobupaem cocTtodaHue this, aprymeHToB, rtv

EventSet set = vm.eventQueue().remove();
for (Event event : set) {
if (event instanceof BreakpointEvent bpEvent) {
ThreadReference thread = bpEvent.thread();
StackFrame frame = thread.frame(0);
ObjectReference thisObj = frame.thisObject();
var thisFields = thisObj.getValues(thisObj.getFields())

CtaBuM breakpoint B mMeTon (Ha BXomg M Bbixopn)

EventRequestManager erm = vm.eventRequestManager();
ReferenceType clazz = vm.classesByName("com.example.Calculator").get(0);
Method method = clazz.methodsByName("add").get(0);

Location location = method.location();

BreakpointRequest bp = erm.createBreakpointRequest(location);

bp.setSuspendPolicy (SUSPEND_ALL);
bp.enable();
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Nogknw4yaeMcss K MalWHe

VirtualMachine vm = attach("localhost", "5005");

Cobupaem cocTtodaHue this, aprymeHToB, rtv

EventSet set = vm.eventQueue().remove();
for (Event event : set) {
if (event instanceof BreakpointEvent bpEvent) {
ThreadReference thread = bpEvent.thread();
StackFrame frame = thread.frame(0);
ObjectReference thisObj = frame.thisObject();
var thisFields = thisObj.getValues(thisObj.getFields())

PR

Kak-To Bce npeBpallaem B TeCT

CtaBuM breakpoint B mMeTon (Ha BXomg M Bbixopn)

EventRequestManager erm = vm.eventRequestManager();
ReferenceType clazz = vm.classesByName("com.example.Calculator").get(0);
Method method = clazz.methodsByName("add").get(0);

Location location = method.location();

BreakpointRequest bp = erm.createBreakpointRequest(location);

bp.setSuspendPolicy (SUSPEND_ALL);
bp.enable();
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BepHemca K Halleun 3agade N

Cobupaem cocTtodaHue this, aprymeHToB, rtv
\\%,/ EventSet set = vm.eventQueue().remove();
for (Event event : set) {
Nogknw4yaeMcss K MalWHe if (event instanceof BreakpointEvent bpEvent) {
ThreadReference thread = bpEvent.thread();
VirtualMachine vm = attach("localhost", "5005"); StackFrame frame = thread.frame(0);

ObjectReference thisObj = frame.thisObject();
var thisFields = thisObj.getValues(thisObj.getFields())

O6beKTbl MOryT ObITb OYEHb CITOXKHBIMW. ..

- TLlrmuu. tuvactiuir(yj,
BreakpointRequest bp = erm.createBreakpointRequest(location);
bp.setSuspendPolicy (SUSPEND_ALL);
bp.enable();
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Program State

public class Calculator {
String someField = "“123";

public int add(int a, int b) { ProgramState for method add:
ereturn a + b; {
} this — Calculator
+ {
someField = "123"
}
public class App { a(argl) — 2
public static void main(String[] args) { b(arg2) — 3
Calculator ¢ = new Calculator(); rtv —- 5
int r = c.add(2, 3); hy
System.out.println(r);
}
}
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Program State

public class Calculator {
String someField = "“123";

public int add(int a, int b) { ProgramState for method add:
ereturn a + b; {
} this — Calculator

}

Ham Heobxoammo YMETb CTPOUTb TaKoe rnpeacrtaBlieHne and

) NnPOon3BOJIbHOINO Koda
publi

publi e =

Calculator ¢ = new Calculator(); rtv — 5
int r = c.add(2, 3); I
System.out.println(r);
}
}
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Program State. NpocTble 00bEKThI

public class Calculator {

String someField = "123";

public int add(int a, int b) { [:::::t>

return a + b;

}
}

Calculator(
someField = “123"
)

65



Program State. [Npobnema

public class Calculator {
String someField = "123";
CalcContext context;

public int add(int a, int b) {
return a + b;
I
+

public class CalcContext {
Config Status config;
MetricsState metrics;
RuntimeState runtime;
LegacyState legacy;

Iy
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Program State. [Npobnema

public class Calculator {

}

public class CalcContext {

}

String someField = "123";

CalcContext context;

public int add(int a, int b) {

return a + b;

hy

Config Status config;
MetricsState metrics;
RuntimeState runtime;
LegacyState legacy;

Calculator(
someField = "123",
context = CalcContext(
config = ConfigStatus(
w 3 000 fields ..
)I

metrics = MetricsState(
«w 12 000 fields ..
),

runtime = RuntimeState(
threads = [
ThreadState(
locals [ .1,
stack [ o]
)I

-

),
legacy = LegacyState(

.
)
)

. hobody knows what this does ..
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public class Calc
String someFie'ld

CalcContext cont

public int add(i
return a + b;
}
+

public class Calc™
Config Status co
MetricsState met
RuntimeState ru
LegacyState lega
Iy

ate(
hat this does ..




Program State. bonbLine o0beKThI

public class Calculator {

String someField = "123": O public class HashMap<K, V> {

transient Node<K, V>[] table;

CalcContext context; ® transient Set<Map.Entry<K, V>> entrySet;
Map<AddKey, Integer> addCache; @) transient int size;
transient int modCount;
public int add(int a, int b) { int threshold;
return a + b; final float loadFactor;
+
+

public class CalcContext {
Config Status config;
MetricsState metrics;
RuntimeState runtime;
LegacyState legacy;

+
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Program State. bonbLine o0beKThI

public class Calculator {

String someField = "123": @ public class HashMap<K, V> {

transient Node<K, V>[] table;

CalcContext context; ® transient Set<Map.Entry<K, V>> entrySet;
Map<AddKey, Integer> addCache; @) transient int size;
transient int modCount;
public int add(int a, int b) { int threshold;
return a + b; final float loadFactor;
+
+
}.
public class CalcContext {
Config Status config;
MetricsState metrics; Hashﬂzz& (1 1 9
RuntimeState runtime; ey +1) to
LegacyState legacy; ) AddKey(2 + 2) to 5
+
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Program State. CnoHble nonb3oBaTefibCKNe 0OBLEKTLI

public class CalcContext {

Config Status config;
MetricsState metrics;
RuntimeState runtime;
LegacyState legacy;
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Program State. CnoxHble nonb3oBaTenbCkm1e OOBLEKTDI

public class CalcContext {

Config Status config;
MetricsState metrics;
RuntimeState runtime;
LegacyState legacy;

toJson()

—

"config": {

"mode": "PROD",

"features": { "...": "..." }
},

"metrics": {
"calls": 1842391,
"p99LatencyMs": 1.8,
"errors": 17,

+

4
"runtime": {

"threads": [ { "state": "RUNNABLE"} ..

}

"legacy": o
"owner": "unknown",
"comment": "do not touch",
"safeToRemove": false,
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Program State. CnoxHble nonb3oBaTenbCkm1e OOBLEKTDI

public class CalcContext {

Config Status config;
MetricsState metrics;
RuntimeState runtime;
LegacyState legacy;

CalcContext {

}

toJdson()

—
f

content = File(../resources/CalcContext0bj.json)

"config": {

"mode": "PROD",

"features": { "...": "..." }
},

"metrics": {
"calls": 1842391,
"p99LatencyMs": 1.8,
"errors": 17,

}

4
"runtime": {

"threads": [ { "state": "RUNNABLE"} ..

F,

"legacy": o
"owner": "unknown",
"comment": "do not touch",

"safeToRemove": false,
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Program State. Cepunanunsauus
Nwem cepunannsaTtop

e [lpobyem pocTaTb M3 Spring KOHTEKCTa
e lluem B nporpamme
e Co3pmaem cBon
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Program State. Cepunanunsauus

Nwem cepunannsaTtop

e [lpobyem pocTaTb M3 Spring KOHTEKCTa
e lluem B nporpamme
e Co3pmaem cBon

[lpobyem cepuanusoBaTb

var serialized = Gson.toJson(object)
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Program State. Cepunanunsauus T3

P [lpobyeM pecepuannsoBaTb
oot var deserialized = Gson.fromJson(serialized)
checkEquality(object, deserialized)
Nwem cepunannsaTtop

e [lpobyem pocTaTb M3 Spring KOHTEKCTa
e lluem B nporpamme
e Co3pmaem cBon

[lpobyem cepuanusoBaTb

var serialized = Gson.toJson(object)
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Program State. Cepunanusauus I

P [pobyem pecepunannsoBaTb
oot var deserialized = Gson.fromJson(serialized)
checkEquality(object, deserialized)
Nwem cepuanusaTtop

e [lpobyem pocTaTb M3 Spring KOHTEKCTa
e lluem B nporpamme
e Co3pmaem cBon

[lpobyem cepuannsoBaTb

var serialized = Gson.toJson(object)
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Program State. Moku

public class Calculator {
String someField = "123";
CalcContext context;

Map<AddKey, Integer> addCache;
PricingService pricingService;
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Program State. Moku

// network, threads, time, side effects

. bli 1 PricingS i
public class Calculator { public class PricingService {

. . ; | HttpClient httpClient;
String someField = "123%; DataSource dataSource;

ExecutorService executor;
CalcContext context;
Map<AddKey, Integer> addCache; PricingCache cache;
PricingService pricingService; +

hy
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Program State. Moku

// network, threads, time, side effects

. bli 1 PricingS$S i
public class Calculator { public class PricingService {

. . ; | HttpClient httpClient;
String someField = "123%; DataSource dataSource;

ExecutorService executor;
CalcContext context;

Map<AddKey, Integer> addCache; PricingCache cache;
PricingService pricingService; +

public int addWithPricing(int a, int b) {
var price = pricingService.calculatePrice(context.productId, context.user);

if (pricingService.isDiscountApplicable(context.user)) {
price = pricingService.applyDiscount(price, context.user);
}

pricingService.recordUsage(context.productId, a, b);

return price;

} 80
}



[Tpnmep MokmpoBaHUA
public int addWithPricing(int a, int b) {
var price = pricingService.calculatePrice(context.productId, context.user);

if (pricingService.isDiscountApplicable(context.user)) {
price = pricingService.applyDiscount(price, context.user);
}

pricingService.recordUsage(context.productId, a, b);

return price;

}

Meton Bos3Bpallaemoe 3HayeHue
calculatePrice(String, User) [BigDecimal("42.00")]
isDiscountApplicable(User) [false]

recordUsage(String, Int, Int) [void]



®dunHanbHbIN Program State

public class Calculator { ErogramState for method addWithPricing:
String someField = "123"; this — Calculator(
someField = "123",
CalcContext context; [:::::i>> context = JsonWithContent(
Map<AddKey, Integer> addCache; File(../CalcContextObj.json)
PricingService pricingService; ),
pricingService = MockedValue(
public int addWithPricing(int a, int b) { calculatePrice(String, User) — "42.00"
.. isDiscountApplicable(User) — false
+ )
+ )
aCargl) —» 2
b(arg2) — 3
rtv = 5
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®dunHanbHbIN Program State

public class Calculator { ErogramState for method addWithPricing:
String someField = "123"; this — Calculator(
someField = "123",
CalcContext context; [:::::i>> context = JsonWithContent(
Map<AddKey, Integer> addCache; File(../CalcContext0bj.json)
PricingService pricingService; ),
pricingService = MockedValue(
public int addWithPricing(int a, int b) { calculatePrice(String, User) — "42.00"
.. isDiscountApplicable(User) — false
+ )
+ )
aCargl) —» 2
b(arg2) — 3
rtv = 5
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®dunHanbHbIN Program State

public class Calculator { ErogramState for method addWithPricing:
String someField = "123"; this — Calculator(
someField = "123",
CalcContext context; I::> context = JsonWithContent(
Map<AddKey, Integer> addCache; File(../CalcContextObj.json)
PricingService pricingService; ),
pricingService = MockedValue(
public int addWithPricing(int a, int b) { calculatePrice(String, User) — "42.00"
e isDiscountApplicable(User) — false
+ )
+ )
aCargl) —» 2
b(arg2) — 3
rtv = 5
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®dunHanbHbIN Program State

public class Calculator { ErogramState for method addWithPricing:
String someField = "123"; this — Calculator(
someField = "123",
CalcContext context; [:::::i>> context = JsonWithContent(
Map<AddKey, Integer> addCache; File(../CalcContextObj.json)
PricingService pricingService; ),
pricingService = MockedValue(
public int addWithPricing(int a, int b) { calculatePrice(String, User) — "42.00"
. isDiscountApplicable(User) — false
+ )
+ )
aCargl) — 2
b(arg2) — 3
rtv —- 5
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Mock or not to mock

1. 3apaHee nbiTaeMcs MOHATb, HYXXHO NI MOKaTb OObEKT
Spring-aHHOTMPOBAaHHbLIE Knacchl (@Service 1 T.4.)

NHppacTpykTypHble Tunbl (Repository, Executor, Gateway v 1.4.)

BHewHune knueHTbl n nHTerpaumm (OkHttpClient, Kafka, CacheManager u 1.4.)
HekoTtopble cuctemHble Tunel (Socket, ClassLoader, Proxy) u T.4.
HectabuneHble nssectHole Tunebl (Random, Time, UUID)

f.  MoxeT 910 y>Xe MOK? :)

2. [biITaemcsa CTpoOUTb AECKPUMNTOP NO-YECTHOMY, ECINN He MOony4nnoch ->
MOKaem

© Qo0 oo
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Kak paboTaeT MmoKknpoBaHue

1. Wuwem Bce meToabl 00beKTa MOKMPYEMOTO Krnacca

public class PricingService {

HttpClient httpClient;
DataSource dataSource;
ExecutorService executor;

public BigDecimal calculatePrice(String productId, User user) {
BigDecimal price = basePrices.getOrDefault(productId, BigDecimal.valueOf(0));
if ("VIP".equals(user.role)) {
price = price.multiply(BigDecimal.value0f(0.9));
}
return price;

hy

// lpoBepka, npumMeHuUM sU QUCKOHT

public boolean isDiscountApplicable(User user) {
var isRegistered = dataSource.isRegisterd(user)
return user.isRegistered;

hy
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Kak paboTaeT MmoKknpoBaHue

2. CrtaBum breakpoint-bl Ha BbIXof Kaxaoro metoga

public class PricingService {

HttpClient httpClient;
DataSource dataSource;
ExecutorService executor;

public BigDecimal calculatePrice(String productId, User user) {
BigDecimal price = basePrices.getOrDefault(productId, BigDecimal.valueOf(0));
if ("VIP".equals(user.role)) {
price = price.multiply(BigDecimal.value0f(0.9));
}
@return price;

hy

// lpoBepka, npumMeHuUM sU QUCKOHT

public boolean isDiscountApplicable(User user) {
var isRegistered = dataSource.isRegisterd(user)

@return user.isRegistered;

hy
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Kak paboTaeT MmoKknpoBaHue

3. lpun nonagaHun B BP cTponm geckpunTtop Ansi BO3BpaLlaeMoro 3Ha4yeHus

public class PricingService {

HttpClient httpClient;
DataSource dataSource;
ExecutorService executor;

public BigDecimal calculatePrice(String productId, User user) {
BigDecimal price = basePrices.getOrDefault(productId, BigDecimal.valueOf(0));
if ("VIP".equals(user.role)) {
price = price.multiply(BigDecimal.value0f(0.9));

Iy
oreturn price;
I
calculatePriceRtvDescriptor(
BigDecimal(
intVal = null,
scale = 2,
intCompact = 4200L
)
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Kak pabotaet MmokupoBsaHune

4. CoxpaHsieM nHpopmauuto

pricingService = MockedValue(
calculatePrice(String, User) — BigDecimal(
intVal = null,
scale = 2,
intCompact = 4200L
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MokunpoBaHne HegeTepPMUHUPOBAHHOCTY

1.  MoKnpyem HekoTopble CTaTUyeckne MeToabl

try (MockedStatic<UUID> uuid = mockStatic(UUID.class)) {

}

vuid.when(UUID:: randomUUID) .thenReturn(123);
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YTto ganbwe?
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Program State -> Test. [lpobrnema

@Test
public void testAddWithPricing() throws Exception {
// Arrange

zrogramState for method addWithPricing: Calculator calc = new Calculator();
this — Calculator( String json =
someField = "123", Files.readString(Paths.get("../CalcContextObj.json"));
context = JsonWithContent( CalcContext context =
File(../CalcContext0Obj.json) [:::::j:> new Gson().fromJson(json, CalcContext.class);
), calc.context = context;
pricingService = MockedValue(
calculatePrice(String, User) — "42.00" PricingService mockPricing = mock(PricingService.class);
isDiscountApplicable(User) — false when(mockPricing.calculatePrice(anyString(), any(User.class)))
) .thenReturn(new BigDecimal("42.00"));
) when(mockPricing.isDiscountApplicable(any(User.class)))
a(argl) — 2 .thenReturn(false);
b(arg2) — 3
rtv = 5 calc.pricingService = mockPricing;

int result = calc.addWithPricing(2, 3);

assertThat(result).isEqualTo(5);
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Program State -> Scenario. PelieHue.

Cobupaem thisObject
Cobupaem BbI3OB METOAA
Cobupaem Moku
[eHepupyem assert-bl

A\

94



Kak Bocco3natb 0ObekT?

TeamModel teamModel = new TeamModel();
teamModel. se amname( "Octopus");
teamModel.setTeamphone("0031003423432
teamModel.setTenantId(101);

tabase manageDatabase = <ito.mock(ManageDatabase.

en(manageDatabase.getTeamNamesForTenant(Mockito.anyInt()))
enReturn(( String>) (Object)

tFiel

d{ topi

actc '
(Object)
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Program State -> Scenario

e Kak cosgaTtb 00bEKT 1 nepeBecTU Calculator(
someField = "123",
ero n3 coctosaHmna Aes B? context = JsonWithContent(

File(../CalcContextObj.json)

A ),

e PaccmoTtpum kenc, korga cobpanu  icingService = MockedValue(
calculatePrice(String, User) — "42.00"

!D-eCKpMHTOp Nno nosnsam isDiscountApplicable(User) — false

public class Calculator { )
String someField = "123";
CalcContext context;

PricingService pricingService; 1. Haxogum KoHCTpyKTOp
a. Ecnv He Hawnm - uwem abpuryHbIi Kracc, cTaTuy

public Calculator(String someField, CalcContext context) { metoa, INSTANCE n .4

this.someField = someField; 2. uvwewm setter-bl Anst OCTaBLUMXCSA NONEN

this.context = context; a. Ecnu He Hawnu - pedonekcus
}

Calculator calc = new Calculator(

public void setPricingService(PricingService ps) { someField, context

this.pricingService = ps );
} call.setPricingService(ps)
public int addWithPricing(int a, int b) { ... } 96



Program State -> Scenario

e Kak cosgaTtb 00bEKT 1 nepeBecTU
ero n3 coctosHua A s B?

e PaccmoTpum Kenc, korga
cpaboTtana cepuanmsayms

public class Calculator { )

String someField = "123";
CalcContext context;
PricingService pricingService;

public Calculator(String someField, CalcContext context) {
this.someField = someField;
this.context = context;

}.

public void setPricingService(PricingService ps) {
this.pricingService = ps
}

public int addWithPricing(int a, int b) { ... }

Calculator(

someField = "123",

context = JsonWithContent(
File(../CalcContextObj.json)

),

pricingService = MockedValue(
calculatePrice(String, User) — "42.00"
isDiscountApplicable(User) — false

)
1. Co3paeM HYXHbIA cepuanmsaTop
a. Gson, Jackson, kotlinx-serialization
2. llecepnannsyem

String json = Files.readString(
Paths.get("../CalcContextObj.json")
);

CalcContext context = new Gson().fromJson(
json, CalcContext.class
);
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Program State -> Scenario

e Kak cosgaTtb 00bEKT 1 nepeBecTU Calculator (

ero ns coctosiHms A B?
e PaccmoTpum Kenc, korga
OEeCKpMNTOp - MOK

public class Calculator { )

String someField = "123";
CalcContext context;
PricingService pricingService;

public Calculator(String someField, CalcContext context) {
this.someField = someField;
this.context = context;

}

public void setPricingService(PricingService ps) {
this.pricingService = ps
}

public int addWithPricing(int a, int b) { ... }

someField = "123",

context = JsonWithContent(
File(../CalcContextObj.json)

),

pricingService = MockedValue(

calculatePrice(String, User) — "42.00"
isDiscountApplicable(User) — false

1. Co3paemM Mockito-MoK

2. leHepupyem cBa3kun when — thenReturn pns

BCeX MeTonoB

PricingService mockPricing =
mock (PricingService.class);

when(mockPricing.calculatePrice(
anyString(),
any(User.class)

)).thenReturn(new BigDecimal("42.00"));
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[pobnema creHepmnpoBaHHOro Koaa

@Test
void createAclReproducedTest() throws KlawException, NoSuchMethodException, InstantiationException,
InvocationTargetException, IllegalAccessException {

Topic v3 = new Topic();

v3.setTopicname("testtopic");

v3.setTenantId(101);

v3.setEnvironment("1");

v3.setNoOfPartitions(1);

v3.setTeamId(3);

ReflectionTestUtils.setField(v3, "isExistingTopic", false);

MailUtils mocked = Mockito.mock(MailUtils.class);
Mockito.when(mocked.getCurrentUserName()).thenReturn("kwusera");

AclControllerService v7 = ReflectionUtils.accessibleConstructor(AclControllerService.class,

ClusterApiService.class, MailUtils.class).newInstance(vé, mocked);

ManageDatabase mockedl = Mockito.mock(ManageDatabase.class);

ReflectionTestUtils.setField(v7, "allowedServiceAccountsPerTeam", 0);

HandleDbRequestsJdbc mocked2 = Mockito.mock(HandleDbRequestsJdbc.class);
Mockito.when(mocked2.existsAcl(Mockito.any(), Mockito.any(), (List) (Object) Mockito.>any(), (List)

(Object) Mockito.>any(), Mockito.any(), Mockito.anyInt())).thenReturn(false);

Mockito.

Mockito.when(mocked?2.requestForAcl(Mockito.any())).thenReturn((Map) (Object) v);
Mockito.when(mockedl.getHandleDbRequests()).thenReturn(mocked2).thenReturn(mocked?2).thenReturn(mocked?2);
Mockito.when(mockedl.getClusters(Mockito.any(), Mockito.anyInt())).thenReturn((Map) (Object) v2);
ReflectionTestUtils.setField(v7, "manageDatabase", mockedl);

ReflectionTestUtils.setField(v7, "mailService", mocked);

ReflectionTestUtils.setField(v7, "clusterApiService", vé);

ReflectionTestUtils.setField(v7, "rolesPermissionsControllerService",

mock (RolesPermissionsControllerService.class));

CommonUtilsService mocked3 = Mockito.mock(CommonUtilsService.class);

... 200 lines
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[pobnema creHepmnpoBaHHOro Koaa

o OTpeHﬂ,epeHHblﬁ KOA BbIMMAOANT HEYNTAEMbIM

o 0O O O O O o©°

CnuvLwKomMm MHOro MOKOB B OIHOM MeToAae
[onrne uenoykn ReflectionTestUtils.setField
HenoHsATHbIE MeHa NepeMeHHbIX

HeHyXHble npuBeaeHnsa TMnoB

Bce B ogHOM MeToae

Ncnone3oBaHue pednekcumn n Mockito BmecTte
HeBHATHas CTpyKTypa MOKOB
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Penykums

[o peoykumu:

@Test

void createAclReproducedTest() {
Topic v3 = new Topic();
v3.setTopicname("testtopic");
v3.setTenantId(101);
v3.setEnvironment("1");
v3.setNoOfPartitions(1);
v3.setTeamId(3);

Target method coverage:
[81, 82, 83, 85]

[Mocne pegykumu:

@Test

void createAclReproducedTest() {
Topic v3 = new Topic();
v3.setTopicname("testtopic");
v3.setNoOfPartitions(1);
v3.setTeamId(3);

Target method coverage:
[81, 82, 83, 85]
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Scenario -> LLM

LLM pedrakTopuT Kof B CTUIEe NPOeKTa

Pa3bunBaeT norunky

PUKCUT OLLIMOKN KOMNUNALMN

[MepeBoaunT Koa Ha apyron All n 3HaeT, Kak Nonb3oBaTbLCA Pa3HbIMU
dopenmBopKkamu aTest

void createAclReproducedTest() throws Exception {
KwClusters cluster = buildKwClusters();
Map<Integer, KwClusters> clusters = buildClustersMap(cluster);
Topic topic = buildTopic();
List<Topic> topics = buildTopicList(topic);
Env env = buildEnv();
setMocks();

AclRequestsModel aclRequestsModel = buildProducerAclRequestModel();
ApiResponse response = aclControllerService.createAcl(aclRequestsModel);

Assertions.assertNotNull(response);
Assertions.assertTrue(response.isSuccess());
Assertions.assertEquals("success", response.getMessage()); 104



A nodemy Henb3s NPOCTO ucnonb3osatb LLM?

MpuBeT KaK Oena CreHepupyim MHe WHUT TecT ONA 3TOro meToja:

public ApiResponse createAcl(AclRequestsModel aclRequestsModel) A{

g
C 3TUMN [aHHLIMK:

AclRequestsModel(topicname=testtopic, consumergroup=null,
acl_ip=[1.1.1.1, 2.2.2.2], acl_ssl=null, aclPatternType=LITERAL,
transactionalld=null, teamId=null, aclType=PRODUCER,
aclIpPrincipleType=IP_ADDRESS, requestingteam=1,
aclResourceType=null, otherParams=null, approvals=null)
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A rnodemy Henb3s NPOCTO ucrnosnb3oBarts LLM?

MpuBeT KaK pena creHepupymn
MHE KHUT TecT ONA 3TOro M.

Th
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AHanor (939 loc

Debugging Testing Al

g Dessert Test Generator Install to Intelll IDEA 2025.3.2

Compatible v ntelly IDEA, Android Studio and 1 more

Michael Solovev

Overview Versions Reviews

KA test Version controf
Project

kt-sample-app [test]
gradie

t New

3. Generate test(s)

Generate Test with Dessert

main ating Test(s) with De:
kotlin App ¥ * AppKt
ora examnle } Waiting for Gemini response ;
8 Con: , A e
Debug [ AppKt i 2. Right click on debugger variables o 1 Clipboard
n": RUNNING ¥
& Variables
org.exampie

roup "main”: RUNNING

Cancel

myMethod(String, String), App (org.example)

Jump To Source
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be3onacHbin pexum ¢ LLM

Given an instance:
Object[io.aiven.klaw.service.UsersTeamsControllerServiceHt-1 {
authenticationType:
String("db")

noapo6HO onuchiBaeM BCE, 4YTO 3HAeM 06 0b6bekTe

When calling the method addNewTeam with arguments:
Arg 1:
Boolean(true)

Then the method should return:
Object[io.aiven.klaw.model.ApiResponse Ht29 {
success:
Boolean(true)
message:
String("success")
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Ho mMbl XXnBem He B nagearbHOM MUpe........

e 3amenrnigsem nNpoLecc UCMONHEHUSA
e PaboTaeT He Bcerga
e MokaeM crno)Hble 0ObeKTbI
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Toru

e YTO MbI caenanun?
o [losHakomunuce ¢ JDI
o ABTOMaTM3NpOBanNun PyTUHY
o [lokasanu cuHepruio dopmanbHbIiXx metogos u LLM
e Kyoa mbl gBmxemca
o YnydweHune UX/UI no gpnabaky
[eHepaunsa TeCcToB AN HECKOMNbKNX TOYEK NPOrpamMmmebl
[eHepaumsa nHTerpauuoHHbIX TectoB No E2E Tectam

[MepereHepauus assert-oB nocne gukca (MAKE IT PASS)
NHTerpauma ¢ gpyrmmm TeXHONOMMsIMU

o O O O
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LOononHutenbHbin cnang. Peaykuma. OnucaHne

e [MBPMAHBIN NOAX04, KOMOUHUPYIOLNIA pas3nNYHble KOMMNOHEHTI:
o  CnancuHr
o  Wepapxuuecknin gpensra-gedarrmHr
o CneumanbHble TpaHcopmaumm Ha ypoBHe AST
e [locne kaxgoun TpaHcdopMauum NPoOM3BOANTCSA NPOBEPKA BOCMPOU3BOAMMOCTU pe3yribTaToB

TecTtoBas
nporpaMmma
cokpaTtunacb?

MuHUMHU3MpoBaHHas
TecToBasi nporpamma

TecToBas o Habop Mepapxuyeckmn
CnancuHr o
nporpamma TpaHcopmaumi Aenera-gebarrvHr
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