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[lnaH poknapna

1 Kpatkoe copepxaHve npeabiayLuen cepmm

2 JDB — KoHcOmMbHbIN oTnagyuk B coctaBe JDK
3 Ortnapgka aBTOreHepéHHoro koaa un 6anT-koga
4 Otnagka MHOrOMOTOYHbLIX MPUMNOXKEHWI

5 Ortnapgka uHTerpauum yepes FFM AP

6 Otnapgka 3a npegenamu JPDA
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KpaTKoe cogepxXaHue
npeAabiayLlien cepumn




OTnaaka v gedarrvHr
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OTnaaka v nedarruHr

Debugging nepeBoauTcA
Kak «oTnagka»
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OTnaaka v gedarrvHr

nepeBoanTCH
KaK «oTrnagka»

B pycckom A3blke oTnagka —
bonee LWMPOKOE NOHATMNE, KOTOPOE,
NOMUMO aebarruHra, Takxke
BKMNOYaEeT creayroLlime MeToOaNKN:

1. JlormpoBaHue

2. TpencuHr
3. [NpodumnnmnposaHue
4. TecTupoBaHune
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OTnaaka v nedarruHr

Debugging nepeBoauTcA bonee TOYHbLIN TEPMUH,
KaK «oTrnagka» COOTBETCTBYHOLLNU

B pycckom A3blke oTnagka — oTnaakKke, —

Bornee LMPOKOEe MOHATHE, KOTOPOE, Troubleshooting
NOMUMO aebarruHra, Takxke
BKIIOYAET CrieaytoLme METOANKN:

1. JlormpoBaHue

2. TpencuHr
3. [NpodumnnmnposaHue
4. TecTupoBaHune
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OTnaaka v nedarruHr

Debugging nepeBoauTcA bonee TOYHbLIN TEPMUH, [ebarrmHr — otnagka
KakK «oTnagka» COOTBETCTBYHOLLUN BO BPEMS BbINOSTHEHUS
B pycckom ai3blke oTrnagka — OTHaAke, — | nporpaMMbl

Gonee LIMPOKOe MOHSTHE, KOTOPOE, Troubleshooting C UCMOJIb30BaHMNEM
NoMMUMO AebarrmHra, TaKkke oTNnagyvunka

BKITIOYAET crneayowme MeTOONKU:

1. JlormpoBaHue

2. TpencuHr
3. [NpodumnnmnposaHue
4. TecTupoBaHune
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Java Platform Debug Architecture (JPDA)

Components Debugger Interfaces

/
debuggee ----( JVM TI - Java VM Tool Interface

\

comm channel -( JDWP - Java Debug Wire Protocol
N

JDI - Java Debug Interface




HatuBHbIN MHTEepdenc BHYyTpU
JVM, KoTOpbIX B3anMoaeucCTByeT
C areHTamMu no CoobLITUMHOMU
Moaenu

AreHTbl, B CBOK O4Yepeb, MOryT obpallaTbcs

K JVM Tl yepes API
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HaTuBHbIN MHTEpdenc BHYyTpU JVM Tl-areHT moXxeT ObITb
JVM, KkoTOpbIN B3anmoaeucTByeT peanu3oBaH Ha NloOM fA3blIKe,

C areHtTamMu no CoobLITUNHOMU nognepxmBaroLlem cornalueHus
MoOenwu O BbI30Be MeToaoB fAA3bika C

AreHTbl, B CBOK O4Yepeb, MOryT obpallaTbcs

K JVM Tl yepes API
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HaTuBHbIN MHTEpdenc BHYyTpU JVM Tl-areHT moXxeT ObITb
JVM, KkoTopbIin B3anuMmogencrTeyeTt peann3oBaH Ha N1IOOOM A3blIKe,

C areHtamMu no coobLITUNHOWU nognepxmBaroLlem cornalueHus
MoOenwu O BbI30Be MeToaoB fAA3bika C

AreHTbl, B CBOK O4Yepeb, MOryT obpallaTbcs
K JVM Tl yepes API

[lpumep areHta — JDWP-areHT

20



OnucbiBaeT CTPYKTYpy COOOLLEHUN
Mexagy oTnagymkom v JVM

21



OnucbiBaeT CTPYKTYpy COOOLLEHUN
Mexagy oTnagymkom v JVM

doctyn no JDWP
K OTnaxuBaemMmomy npokueccy
peanu3oBaH Kak JVM Tl-areHT

[lpnmep 3anycka.

> -agentlib:jdwp=transports=
dt_socket,server=y,suspend=y,
address=1localhost:5005
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OnucbiBaeT CTPYKTYpy COOOLLEHUN
Mexagy oTnagymkom v JVM

doctyn no JDWP
K OTnaxuBaemMmomy npokueccy
peanu3oBaH Kak JVM Tl-areHT

[lpnmep 3anycka.

> -agentlib:jdwp=transport=
dt_socket,server=y,suspend=y,
address=1localhost:5005

OCHOBHbIe nNapamMeTpbil:

* Transport — ncnosnb3yeMbl NPOTOKOJ
nepenadn gaHHbIX
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OnucbiBaeT CTPYKTYpy COOOLLEHUN
Mexagy oTnagymkom v JVM

doctyn no JDWP

K OTnaxuBaemMmomy npokueccy
peanu3oBaH Kak JVM Tl-areHT

[lpnmep 3anycka.

> -agentlib:jdwp=transports=
dt_socket,server=y,suspend=y,
address=1localhost:5005

OCHOBHbIe NapamMeTpbl:

» Transport — ncnonb3yemMbit NPOTOKOI
nepenavun gaHHbIX

¢ Server:
N — caM MoaKmn4yaeTca K oTnagvmnky
(xapakTtepHo ans 3anycka 4Yepes IDE)
y — XOeT NoAKNYeHna oTnagymka
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OnucbiBaeT CTPYKTYypy COOOLLEeHNN OCHOBHbIe NapamMeTpbl:
Mexagy oTnagymkom v JVM

» Transport — ncnonb3yemMbit NPOTOKOI
nepenavun gaHHbIX

» Server:
N — caM NOAKITIYaETCH K OTNag4ymnky

(xapakTtepHo ans 3anycka 4Yepes IDE)
Aoctyn no JDWP Vv — XOET NOAKNI0YEeHUs oTnaavmKka

K OTllaxXnBaeMoMy rnpoueccy . Suspend — oXuaaeT NOAKMHYEHUS
peanu3oBaH KaKk JVM Tl-areHT oTrnagyvika [ns Hayana BblNoSIHEHUS

[lpnmep 3anycka.

> -agentlib:jdwp=transports=
dt_socket,server=y,suspend=y,
address=1localhost:5005
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OnucbiBaeT CTPYKTYpy COOOLLEHUN
Mexagy oTnagymkom v JVM

doctyn no JDWP
K OTnaxuBaemMmomy npokueccy
peanu3oBaH Kak JVM Tl-areHT

[lpnmep 3anycka.

> -agentlib:jdwp=transports=
dt_socket,server=y,suspend=y,
address=localhost:5005

OCHOBHbIe NapamMeTpbl:

» Transport — ncnonb3yemMbit NPOTOKOI
nepenavun gaHHbIX

» Server:
N — caM NOAKITIYaETCH K OTNag4ymnky

(xapakTtepHo ans 3anycka 4Yepes IDE)
y — XOeT NoAKNYeHna oTnagymka

» Suspend — oXuaaeTt NoaKtoYeHUS
oTnagyuka ana Hadana BbINoSIHEHUS

» Address — XOCT U MopT, K KOTOPOMY
OOIMKeH obpallartbcs oTnag4vnk
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JDI

Pure Java peanu3sauun

KITUEHTCKOMU 4YacTn
ansa ssammoaeuncteuda no JDWP
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JDI

Pure Java peanu3sauun
KITUEHTCKOUN YacTn
ansa ssammoaeuncteuda no JDWP

[lo3zBondeT pa3pabatbiBaTb
coOCcTBeHHbIe aedbarrepbl

28



JDI

Pure Java peanusauus Oeb6arrepbl B IDE npsaiMbIM

MIMEHTCKON 4acTn Ui KOCBEHHbIM OOpa3om
Ana Bsammoneunctseusa no JDWP ncnonb3ytot JDI

[lo3zBondeT pa3pabatbiBaTb
coOCcTBeHHbIe aedbarrepbl

AL



JDI

Pure Java peanusauus Oeb6arrepbl B IDE npsaiMbIM

MIMEHTCKON 4acTn NI KOCBEHHbIM OOpa3om
Ana Bsammoneunctseusa no JDWP ncnonb3ytot JDI

[lo3BonseT pa3pabaTbiBaThb

coOCcTBeHHbIe aedbarrepbl Hanbonee npocton npumep
JDI-npnnoxeHna — KOHCOJSIbHbIN
oTnaguyvuk JDB

30



JDB — KOHCOJIbHbLIU

oTnaavuumk B coctaBe JDK



JDB

PabotaeT B cpeaax 6e3 GUI
yepes CLI

32



JDB

PabotaeT B cpeaax 6e3 GUI
yepes CLI

HeTpeboBaTteneH
K pecypcam

33



JDB

PabotaeT B cpepnax 6e3 GUI Bo3MOXHOCTbL aBTOMaTU3aUun
yepe3s CLI OoTNaaKu Yyepes3 CKpUNTLI

HeTpeboBaTeneH
K pecypcam

34



OcHoBHbIe rpynnbl komaHg JDB

YnpaBrieHue Pabota ¢ Toukamu

BbINOJIHEHUNEM OCTaHOBaA

> run, cont, step, (breakpoints)

step up, stepili, next > stop, clear

O—
-0

N3meHeHue PaboTta c notokamm

U MOHUTOPUHT > threads, thread,

NnepeMeHHbIX suspend, resume,
Llock, threadlocks

> set, watch, unwatch

<[> Mpouyne komaHgp: trace, monitor, kilL..

[TfpocMmoOTp cocTOAHUSA

> print, eval, dump,
locals, list, where,
whereil

NHdpopmauuna
O 3arpy>XeHHbIX
Knaccax

> classes, class,
methods, fields

©,

D,

39



[Tpumep pabotbl ¢ JDB

3> DebugDemo 1

4> main(String[] args) {

5> X = 95;

6> y = 10;

7> Calculator calc = Calculator(2):
8> result = calc.add(x, vy);

9> calc.setMultiplier(4);

10> I0.println("Result: " + result);

11> 5
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[Tpumep pabotbl ¢ JDB

3> public class Calculator 7

4> private 1nt multiplier;

5>

6> Calculator(int multiplier) {
7> this.multiplier = multiplier;
8> }

9>

10> public int add(int a, int b) {
11> int sum = a + b;

12> sum = multiply(sum):

13> return sum;

14> }

15>

16> private int multiply(int value) {

37



[Tpumep pabotbl ¢ JDB

10> public int add(int a, int b) {
11> int sum = a + b;

12> sum = multiply(sum);

13> return sum;

14> }

15>

16> private int multiply(int value) {
17> return value * multiplier;
18> }

19>

20> oublic void setMultiplier(int multiplier) {
21> this.multiplier = multiplier;
22> }

23> }



[Tpumep padoTbl ¢ JDB: coopka u 3anyck
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[Tpumep padoTbl ¢ JDB: coopka u 3anyck

https://github.com/alextokarew/java-debugging

40


https://github.com/alextokarew/java-debugging
https://github.com/alextokarew/java-debugging
https://github.com/alextokarew/java-debugging

[Tpumep padoTbl ¢ JDB: coopka u 3anyck

https://github.com/alextokarew/java-debugging

./gradlew build
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[Tpumep padoTbl ¢ JDB: coopka u 3anyck

https://github.com/alextokarew/java-debugging

./gradlew build

jdb -sourcepath app/src/main/java \
-classpath app/build/classes/java/main \
com.glthub.alextokarew.javadebugging.jdb.DebugDemo

42


https://github.com/alextokarew/java-debugging
https://github.com/alextokarew/java-debugging
https://github.com/alextokarew/java-debugging

[Tpumep padoTbl ¢ JDB: coopka u 3anyck

https://github.com/alextokarew/java-debugging

./gradlew build

jdb -sourcepath app/src/main/java \
-classpath app/build/classes/java/main \
com.glthub.alextokarew.javadebugging.jdb.DebugDemo
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[Tpumep padoTbl ¢ JDB: coopka u 3anyck

https://github.com/alextokarew/java-debugging

./gradlew build

jdb -sourcepath app/src/main/java \
-classpath app/build/classes/java/main \
com.glthub.alextokarew.javadebugging.jdb.DebugDemo
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https://github.com/alextokarew/java-debugging
https://github.com/alextokarew/java-debugging
https://github.com/alextokarew/java-debugging

[Tpumep pabotbl ¢ JDB

45



[Tpumep pabotbl ¢ JDB

> stop at com.github.alextokarew.javadebugging.jdb.DebugDemo.main

46



[Tpumep pabotbl ¢ JDB

> stop at com.glithub.alextokarew.javadebugging.jdb.DebugDemo.main
Deferring breakpoint ....DebugDemo.mailn.
It will be set after the class 1s loaded.

47



[Tpumep pabotbl ¢ JDB

> stop at com.glithub.alextokarew.javadebugging.jdb.DebugDemo.main
Deferring breakpoint ....DebugDemo.mailn.

It will be set after the class 1s loaded.
> run

48



[Tpumep pabotbl ¢ JDB

> stop at com.glithub.alextokarew.javadebugging.jdb.DebugDemo.main

Deferring breakpoint ....DebugDemo.mailn.
It will be set after the class 1s loaded.
> run

Breakpoint hit: "thread=main", DebugDemo.main(), 1line=5 bci=0
5 1nt x = 5;
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[Tpumep pabotbl ¢ JDB

> stop at com.glithub.alextokarew.javadebugging.jdb.DebugDemo.main

Deferring breakpoint ....DebugDemo.mailn.
It will be set after the class 1s loaded.
> run

Breakpoint hit: "thread=main", DebugDemo.main(), 1line=5 bci=0
5 int x = 5;
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[Tpumep pabotbl ¢ JDB

3> DebugDemo 1

4> main(String[] args) {

5> int x = 5;

6> y = 10;

7> Calculator calc = Calculator(2):
8> result = calc.add(x, vy);

9> calc.setMultiplier(4);

10> I0.println("Result: " + result);

11> 5

o1



[Tpumep pabotbl ¢ JDB

> stop at com.glithub.alextokarew.javadebugging.jdb.DebugDemo.main

Deferring breakpoint ....DebugDemo.mailn.
It will be set after the class 1s loaded.
> run

Breakpoint hit: "thread=main", DebugDemo.main(), 1line=5 bci=0
5 1nt x = 5;
> next
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[Tpumep pabotbl ¢ JDB

> stop at com.glithub.alextokarew.javadebugging.jdb.DebugDemo.main

Deferring breakpoint ....DebugDemo.mailn.
It will be set after the class 1s loaded.
> run

Breakpoint hit: "thread=main", DebugDemo.main(), 1line=5 bci=0
5 1nt x = 5;

> next
Step completed: "thread=main", DebugDemo.main(), line=6 bci=2
6 int y = 10;
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[Tpumep pabotbl ¢ JDB

> stop at com.glithub.alextokarew.javadebugging.jdb.DebugDemo.main

Deferring breakpoint ....DebugDemo.mailn.
It will be set after the class 1s loaded.
> run

Breakpoint hit: "thread=main", DebugDemo.main(), 1line=5 bci=0

5 1nt x = 5;

> next
Step completed: "thread=main", DebugDemo.main(), line=6 bci=2
6 int y = 10;

> |1

o4



[Tpumep pabotbl ¢ JDB

> stop at com.glithub.alextokarew.javadebugging.jdb.DebugDemo.main

Deferring breakpoint ....DebugDemo.mailn.
It will be set after the class 1s loaded.
> run

Breakpoint hit: "thread=main", DebugDemo.main(), 1line=5 bci=0

5 1nt x = 5;

> next
Step completed: "thread=main", DebugDemo.main(), line=6 bci=2
6 int y = 10;

> |1
Step completed: "thread=main", DebugDemo.main(), line=7 bci=5
7 Calculator calc = new Calculator(2):

95



[Tpumep pabotbl ¢ JDB

> stop at com.glithub.alextokarew.javadebugging.jdb.DebugDemo.main

Deferring breakpoint ....DebugDemo.mailn.
It will be set after the class 1s loaded.
> run

Breakpoint hit: "thread=main", DebugDemo.main(), 1line=5 bci=0

5 1nt x = 5;

> next
Step completed: "thread=main", DebugDemo.main(), line=6 bci=2
6 int y = 10;

> |1
Step completed: "thread=main", DebugDemo.main(), line=7 bci=5

7 Calculator calc = new Calculator(2):
> 11
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[Tpumep pabotbl ¢ JDB

It will be set aftter the class

> run

Breakpoint hit: "thread=main",

5 int x = 5;
> next
Step completed: "thread=main",
6 int y = 10;
> 11
Step completed: "thread=main",
7 Calculator calc =
> 11

Step completed: "thread=main",

8 int result

calc.

1s loaded.

DebugDemo.main(), line=5 bci=0
DebugDemo.main(), line=6 bci=2
DebugDemo.main(), line=7 bci=5

new Calculator(2):

DebugDemo.main(), 1line=8 bci=14
add(x, vy);

S7



[Tpumep pabotbl ¢ JDB

> run

Breakpoint hit: "thread=main", DebugDemo.main(), 1line=5 bci=0

5 1nt x = 5;

> next
Step completed: "thread=main", DebugDemo.main(), line=6 bci=2
6 int y = 10;

> 11
Step completed: "thread=main", DebugDemo.main(), line=7 bci=5
7 Calculator calc = new Calculator(2):

> 11

Step completed: "thread=main", DebugDemo.main(), 1ine=8 bci=14
8 int result = calc.add(x, y);
> locals



[Tpumep pabotbl ¢ JDB

> |1
Step completed: "thread=main", DebugDemo.main(), line=7 bci=5
7 Calculator calc = new Calculator(2):

> |1
Step completed: "thread=main", DebugDemo.main(), 1ine=8 bci=14
8 int result = calc.add(x, vy);

> locals

Method arguments:

args = instance of java.lang.String[0] (id=436)

Local variables:

X = 3

y = 10

calc = instance of
com.github.alextokarew.javadebugging.jdb.Calculator(id=437)

S}



[Tpumep pabotbl ¢ JDB

Step completed: "thread=main", DebugDemo.main(), line=7 bci=5

7 Calculator calc = new Calculator(2):

> |11
Step completed: "thread=main", DebugDemo.main(), 1ine=8 bci=14
8 int result = calc.add(x, vy);

> locals

Method arguments:

args = instance of java.lang.String[0] (id=436)

Local variables:

X = 3

y = 10

calc = instance of
com.github.alextokarew.javadebugging.jdb.Calculator(id=437)

> dump calc
60



[Tpumep pabotbl ¢ JDB

Step completed: "thread=main", DebugDemo.main(), 1ine=8 bci=14
8 int result = calc.add(x, vy);
> locals
Method arguments:
args = instance of java.lang.String[0] (id=436)
Local variables:
X = 3
vy = 10
calc = instance of
com.github.alextokarew.javadebugging.jdb.Calculator(id=437)
> dump calc
calc = {
multiplier: 2
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[Tlpumep paboTbl ¢ JDB

3> public class DebugDemo 1

4> static void main(String[] args) {

5> int x = 5;

6> int y = 10;

7> Calculator calc = new Calculator(2):
8> int result = calc.add(x, v);

0> calc.setMultiplier(4);

10> I0.println("Result: " + result);

11> 5

62



[Tpumep pabotbl ¢ JDB

8 int result = calc.add(x, vy);
> locals
Method arguments:
args = instance of java.lang.String[0] (id=436)
Local variables:
X = 3
vy = 10
calc = instance of
com.github.alextokarew.javadebugging.jdb.Calculator(id=437)
> dump calc
calc = {
multiplier: 2
1

> step
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[Tpumep pabotbl ¢ JDB

Method arguments:
args = instance of java.lang.String[0] (id=436)
Local variables:
X = 3
y = 10
calc = instance of
com.github.alextokarew.javadebugging.jdb.Calculator(id=437)
> dump calc
calc = {
multiplier: 2
1

> step
Step completed: "thread=main", Calculator.add(), 1line=11 bci=0
11 1nt sum = a + b;
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[Tpumep pabotbl ¢ JDB

args = instance of java.lang.String[0] (id=436)

Local variables:

X = 3

y = 10

calc = instance of

com.github.alextokarew.javadebugging.jdb.Calculator(id=437)
> dump calc

calc = {

multiplier: 2

}.

> step
Step completed: "thread=main", Calculator.add(), 1line=11 bci=0
11 1nt sum = a + b;

> next
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[Tpumep pabotbl ¢ JDB

X S
Y, 10
calc = instance of
com.github.alextokarew.javadebugging.jdb.Calculator(id=437)
> dump calc
calc = {
multiplier: 2

1
> step
Step completed: "thread=main", Calculator.add(), 1line=11 bci=0
11 1nt sum = a + b;
> next

Step completed: "thread=main", Calculator.add(), line=12 bci=4
12 sum = multiply(sum);
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[Tpumep pabotbl ¢ JDB

y = 10
calc = instance of
com.github.alextokarew.javadebugging.jdb.Calculator(id=437)
> dump calc
calc = {
multiplier: 2

1
> step
Step completed: "thread=main", Calculator.add(), 1line=11 bci=0
11 1nt sum = a + b;
> next
Step completed: "thread=main", Calculator.add(), 1line=12 bci=4
12 sum = multiply(sum):

> step
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[Tpumep pabotbl ¢ JDB

com.github.alextokarew.javadebugging.jdb.Calculator(id=437)
> dump calc
calc = {
multiplier: 2

1
> step
Step completed: "thread=main", Calculator.add(), 1line=11 bci=0
11 1nt sum = a + b;
> next
Step completed: "thread=main", Calculator.add(), line=12 bci=4
12 sum = multiply(sum);
> step
Step completed: "thread=...", Calculator.multiply(), line=17 bci=0

17 return value * multiplier;
68



[Tpumep pabotbl ¢ JDB

> dump calc
calc = {
multiplier: 2

1
> step
Step completed: "thread=main", Calculator.add(), 1line=11 bci=0
11 1nt sum = a + b;
> next
Step completed: "thread=main", Calculator.add(), line=12 bci=4
12 sum = multiply(sum);
> step
Step completed: "thread=...", Calculator.multiply(), line=17 bci=0
17 return value * multiplier;

> where
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[Tpumep pabotbl ¢ JDB

1
> step
Step completed: "thread=main", Calculator.add(), 1line=11 bci=0
11 1nt sum = a + b;
> next
Step completed: "thread=main", Calculator.add(), line=12 bci=4
12 sum = multiply(sum);
> step
Step completed: "thread=...", Calculator.multiply(), line=17 bci=0
17 return value * multiplier;
> where

[1] Calculator.multiply (Calculator.java:17)
[2] Calculator.add (Calculator.java:12)

[3] DebugDemo.main (DebugDemo.java:8)
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[Tpumep pabotbl ¢ JDB

> step
Step completed: "thread=main", Calculator.add(), 1line=11 bci=0
11 1nt sum = a + b;
> next
Step completed: "thread=main", Calculator.add(), line=12 bci=4
12 sum = multiply(sum);
> step
Step completed: "thread=...", Calculator.multiply(), line=17 bci=0
17 return value * multiplier;
> where

[1] Calculator.multiply (Calculator.java:17)
[2] Calculator.add (Calculator.java:12)
[3] DebugDemo.main (DebugDemo.java:8)

> eval value *x 3
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[Tpumep pabotbl ¢ JDB

Step completed: "thread=main", Calculator.add(), 1line=11 bci=0

11 1nt sum = a + b;
> next
Step completed: "thread=main", Calculator.add(), line=12 bci=4
12 sum = multiply(sum);
> step
Step completed: "thread=...", Calculator.multiply(), line=17 bci=0
17 return value * multiplier;
> where

[1] Calculator.multiply (Calculator.java:17)
[2] Calculator.add (Calculator.java:12)
[3] DebugDemo.main (DebugDemo.java:8)

> eval value * 3

value * 3 = 45
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[Tpumep pabotbl ¢ JDB

11 1nt sum = a + b;
> next
Step completed: "thread=main", Calculator.add(), line=12 bci=4
12 sum = multiply(sum);
> step
Step completed: "thread=...", Calculator.multiply(), line=17 bci=0
17 return value * multiplier;
> where

[1] Calculator.multiply (Calculator.java:17)
[2] Calculator.add (Calculator.java:12)
[3] DebugDemo.main (DebugDemo.java:8)
> eval value * 3
value * 5 = 45

> set value = 20
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[Tpumep pabotbl ¢ JDB

> next
Step completed: "thread=main", Calculator.add(), line=12 bci=4
12 sum = multiply(sum);
> step
Step completed: "thread=...", Calculator.multiply(), line=17 bci=0
17 return value * multiplier;
> where

[1] Calculator.multiply (Calculator.java:17)
[2] Calculator.add (Calculator.java:12)
[3] DebugDemo.main (DebugDemo.java:8)
> eval value * 3
value * 5 = 45
> set value = 20
value = 20 = 20
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[Tpumep pabotbl ¢ JDB

3> public class Calculator 7

4> private 1nt multiplier;

5>

6> Calculator(int multiplier) {
7> this.multiplier = multiplier;
8> }

9>

10> public int add(int a, int b) {
11> int sum = a + b;

12> sum = multiply(sum):

13> return sum;

14> }

15>

16> private int multiply(int value) {
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[Tpumep pabotbl ¢ JDB

Step completed: "thread=main", Calculator.add(), line=12 bci=4

12 sum = multiply(sum);

> step
Step completed: "thread=...", Calculator.multiply(), line=17 bci=0
17 return value * multiplier;

> where

[1] Calculator.multiply (Calculator.java:17)
[2] Calculator.add (Calculator.java:12)
[3] DebugDemo.main (DebugDemo.java:8)
> eval value * 3
value * 5 = 45
> set value = 20
value = 20 = 20
> watch Calculator.multiplier
/6



[Tpumep pabotbl ¢ JDB

12 sum = multiply(sum);

> step
Step completed: "thread=...", Calculator.multiply(), line=17 bci=0
17 return value * multiplier;

> where

[1] Calculator.multiply (Calculator.java:17)
[2] Calculator.add (Calculator.java:12)
[3] DebugDemo.main (DebugDemo.java:8)
> eval value * 3
value * 5 = 45
> set value = 20
value = 20 = 20
> watch Calculator.multiplier

Set watch modification of Calculator.multiplier
[



[Tpumep pabotbl ¢ JDB

> step
Step completed: "thread=...", Calculator.multiply(), 1line=17 bci=0
17 return value * multiplier;

> where

[1] Calculator.multiply (Calculator.java:17)
[2] Calculator.add (Calculator.java:12)
[3] DebugDemo.main (DebugDemo.java:8)
> eval value * 3
value * 3 = 435
> set value = 20
value = 20 = 20
> watch Calculator.multiplier
Set watch modification of Calculator.multiplier

> cont
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[Tpumep pabotbl ¢ JDB

> where
[1] Calculator.multiply (Calculator.java:17)
[2] Calculator.add (Calculator.java:12)
[3] DebugDemo.main (DebugDemo.java:8)
> eval value * 3
value * 3 = 435
> set value = 20
value = 20 = 20
> watch Calculator.multiplier
Set watch modification of Calculator.multiplier
> cont
Field (Calculator.multiplier) is 2, will be 4: "thread=main",
Calculator.setMultiplier(), 1line=21 bci=2
21 this.multiplier = multiplier;
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[Tpumep pabotbl ¢ JDB

[1] Calculator.multiply (Calculator.java:17)
[2] Calculator.add (Calculator.java:12)
[3] DebugDemo.main (DebugDemo.java:8)
> eval value * 3
value * 3 = 435
> set value = 20
value = 20 = 20
> watch Calculator.multiplier
Set watch modification of Calculator.multiplier
> cont
Field (Calculator.multiplier) is 2, will be 4: "thread=main",
Calculator.setMultiplier(), 1line=21 bci=2
21 this.multiplier = multiplier;
> where
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[Tpumep pabotbl ¢ JDB

[3] DebugDemo.main (DebugDemo.java:8)
> eval value * 3
value * 3 = 435
> set value = 20
value = 20 = 20
> watch Calculator.multiplier
Set watch modification of Calculator.multiplier
> cont
Field (Calculator.multiplier) is 2, will be 4: "thread=main",
Calculator.setMultiplier(), 1line=21 bci=2
21 this.multiplier = multiplier;
> where
[1] Calculator.setMultiplier (Calculator.java:21)
[2] DebugDemo.main (DebugDemo.java:9)
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[Tlpumep paboTbl ¢ JDB

3> public class DebugDemo 1

4> static void main(String[] args) {

5> int x = 5;

6> int y = 10;

7> Calculator calc = new Calculator(2):
8> int result = calc.add(x, vy);

0> calc.setMultiplier(4);

10> I0.println("Result: " + result);

11> 5
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[Tpumep pabotbl ¢ JDB

> eval value * 3
value * 3 = 435
> set value = 20
value = 20 = 20
> watch Calculator.multiplier
Set watch modification of Calculator.multiplier
> cont
Field (Calculator.multiplier) is 2, will be 4: "thread=main",
Calculator.setMultiplier(), 1ine=21 bci=2
21 this.multiplier = multiplier;
> where
[1] Calculator.setMultiplier (Calculator.java:21)
[2] DebugDemo.main (DebugDemo.java:9)
> cont
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[Tpumep pabotbl ¢ JDB

value = 20 = 20
> watch Calculator.multiplier

Set watch modification of Calculator.multiplier
> cont

Field (Calculator.multiplier) is 2, will be 4: "thread=main",
Calculator.setMultiplier(), 1line=21 bci=2
21 this.multiplier = multiplier;

> where

[1] Calculator.setMultiplier (Calculator.java:21)

[2] DebugDemo.main (DebugDemo.java:9)
> cont

Result: 40

The application exited
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JDB B CI/CD
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JDB B CI/CD

Bocnpoun3BeaeHue
HeLllTaTHbIX cUTyauun, ans
KOTOPbIX HE NPeayCMOTPEHO
XYKOB B Koae
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JDB B CI/CD

Bocnpoun3sengeHune
HeLllTaTHbIX cUTyauun, ans
KOTOPbIX HE NPeayCMOTPEHO
XYKOB B Koae

OTnagka dpnanatoLmnx
TECTOB, HE
BOCMNPOM3BOAALLINXCS
JTIoKanbHO
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JDB B CI/CD

Bocnpoun3sengeHune
HeLllTaTHbIX cUTyauun, ans
KOTOPbIX HE NPeayCMOTPEHO
XYKOB B Koae

OTnagka dpnanatoLmnx
TECTOB, HE
BOCMNPOM3BOAALLINXCS
JTIoKanbHO

COop pacLimpeHHon
OTS1ago4YHON MHAOPMAaLIUA
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[Tpumep ucnonbslosaHuna JDB B Cl/CD
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[Tpumep ucnonbslosaHuna JDB B Cl/CD

java -agentlib:jdwp=..suspend=y,.. -cp .. MyTestsSuite
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[Tpumep ucnonbslosaHuna JDB B Cl/CD

java -agentlib:jdwp=..suspend=y,.. -cp .. MyTestsSuite

jdb -attach localhost:5005 < debug_script.jdb \
> debug_output.txt
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[Tpumep ucnonbslosaHuna JDB B Cl/CD

java -agentlib:jdwp=..suspend=y,.. -cp .. MyTestsSuite

jdb -attach localhost:5005 < debug_script.jdb \
> debug_output.txt

debug_script.jdb
stop at MyTest.testSomething
cont
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[Tpumep ucnonbslosaHuna JDB B Cl/CD

java -agentlib:jdwp=..suspend=y,.. -cp .. MyTestsSuite

jdb -attach localhost:5005 < debug_script.jdb \
> debug_output.txt

debug_script.jdb

stop at MyTest.testSomething
cont

print someVariable

dump someObject

93



[Tpumep ucnonbslosaHuna JDB B Cl/CD

java -agentlib:jdwp=..suspend=y,.. -cp .. MyTestsSuite

jdb -attach localhost:5005 < debug_script.jdb \
> debug_output.txt

debug_script.jdb

stop at MyTest.testSomething

cont

print someVariable

dump someObject

kill 1 new java.lang.Exception("BOOOM")
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[loctounHcTBa JDB
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[loctounHcTBa JDB

BcTpoeH
B JDK
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[loctounHcTBa JDB

BcTpoeH MunHumanbsHbIe
B JDK TpeboBaHuS
K pecypcam

97



[loctounHcTBa JDB

BcTpoeH MunHumanbsHbIe
B JDK TpeboBaHuS
K pecypcam

BOo3MOXHOCTb
BCTpanBaTb
B Cl/CD-

npoLiecchl

08



[loctounHcTBa JDB

BcTpoeH
B JDK

MuHMManbHbIE
TpeboBaHUA
K pecypcam

BO3MOXHOCTb
BCTpanBaTb

B CIl/CD-
npouecchl

OTtnagka
Ha YpPOBHE
banT-Koaa

NHCTpyKunmM stepi
n whereli
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HepnocTtatkmn JDB
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HepnocTtatkmn JDB

HeT yCNOBHLIX TOYEK
OoCTaHOBa

s
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HepnocTtatkmn JDB

HeT yCNnoBHbIX TOYeK UHTepdenc CLI
OCTaHOBa Cc OonbLIUM
KOnM4yecTBOM KOMaHA

R
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HepnocTtatkmn JDB

HeT yCnoOBHbIX TOYEK UHTepdenc CLI HeT ncropumn
OCTaHOBa C OoNnbLIUM BbINONTHEHUSA
KONMMYecTBOM KOMaHA

s D
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OTnagka
Ha ypoBHe banT-Koaa



Korga Hy>XHO oTnaXXmBaTb 0auT-koa?
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Korga Hy>XHO oTnaXXmBaTb 0auT-koa?

PaboTta co CTOPOHHUMM
ononnotekamu

be3 oTNIagoyYHOW
nHdopmauumn B 6ant-koge
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Korga Hy>XHO oTnaXXmBaTb 0auT-koa?

PaboTta co CTOPOHHUMMU OTtnagka
onbnmnotekamu MHCTPYMEHTUPOBAHUA
6e3 oTnago4vyHou N TpaHcdopmaumm
nHdopmauumn B 6ant-koge banT-koga

Hanpumep, Yepes javaagent
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Korga Hy>XHO oTnaXXmBaTb 0auT-koa?

PaboTta co CTOPOHHUMMU OTtnaaka ABTOreHepauunsa banT-koaa
ononnotekamu MHCTPYMEHTUPOBAHUA B MPUIOXEHUN

6e3 oTnago4vyHou N TpaHcdopmaumm

nHdopmauumn B 6ant-koge banT-koga

Hanpumep, Yepes javaagent
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OTnagoyHble CUMBOIbI B OanT-Koae
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OTnagoyHble CUMBOIbI B OanT-Koae

[lpu KOMNUNAUUKM Yepes javac

poobasnsrTca donarom —g
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OTnagoyHble CUMBOIbI B OanT-Koae

[lpu KOMNUNAUUKM Yepes javac
pobaBnsatTca donarom —g

Opyrue koMmnunaTopbl
(kotlinc, scalac n T. A4.) TakXKe MOryT
Aod6aBnATbL OoTNnago4vHble CUMBOSbI

<[>
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OTnagoyHble CUMBOIbI B OanT-Koae

ATpubyT knacca SourceFile

NHdpopmaums ob ncxogHom doanrne

[lpu KOMNUNAUUKM Yepes javac
pobaBnsatTca donarom —g

>-g:source

Opyrue koMmnunaTopbl
(kotlinc, scalac n T. A4.) TakXKe MOryT
Aod6aBnATbL OoTNnago4vHble CUMBOSbI

<[>
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OTnagoyHble CUMBOIbI B OanT-Koae

[lpu KOMNUNAUUKM Yepes javac
pobaBnsatTca donarom —g

ATpubyT knacca SourceFile

NHdpopmaums ob ncxogHom doanrne

>-g:source

ATpnoyt metoga LocalVariableTable

MHOpMAaLIUS O NIOKaNbHbIX MEPEMEHHbIX U NX 06racTu
BUOVMOCTHU

Opyrne kKomnunatTopbl

(kotlinc, scalac n T. A4.) TakXKe MOryT
noocaBnATb OTNagoyYHblie CUMBOIbI

>-g:vars

<[>
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OTnagoyHble CUMBOIbI B OanT-Koae

[lpu KOMNUNAUUKM Yepes javac
pobaBnsatTca donarom —g

Opyrne kKomnunatTopbl

(kotlinc, scalac n T. A4.) TakXKe MOryT
noocaBnATb OTNagoyYHblie CUMBOIbI

<[>

ATpubyT knacca SourceFile

NHdpopmaums ob ncxogHom doanrne

>-g:source

ATpnoyt metoga LocalVariableTable

MHOpMAaLIUS O NIOKaNbHbIX MEPEMEHHbIX U NX 06racTu
BUOVMOCTHU

>-g:vars

ATpnoyt metoga LineNumberTable

CoOoTBETCTBME CTPOK NCXOOHOro dpansia MHCTPYKUnam banT-koga

>-g:lines
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[lpumep Ha Kotlin

1> main() {

2> a =1

3> b = 2

4> C = a*2 + Db*3S
5> println("c = " + c)
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javap -v SampleClassKt

116



javap -v SampleClassKt

.{

public static final void main();
Code:
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javap -v SampleClassKt

public static final void main(); {
Code: public static final void main();
O: 1const_1 Code:
1: 1store_0
2: 1const_2
3: 1store_1]l
4: 1load_0
5: 1const_2
6: 1mul
7: 1load_1
8: 1const_3
9: imul
10: iadd
11: istore_2
12: new #11

42: return
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javap -v SampleClassKt

public static final void main();
Code:
O
: 1store_0
: 1const_2
. 1store_1
: 1load_0
: 1const_2
> 1mul
: 1load_1
: 1const_3
> 1mul
: ladd
. 1store_2
: new

NV 0O ~JOUTINWDN B

iconst 1

return

#11

public static final void main();

{
Code:
LineNumberTable:
line 2: O
line 3: 2
line 4: 4
line 5: 12
line 6: 42
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javap -v SampleClassKt

public static final void main();
Code:
O
: 1store_0
: 1const_2
. 1store_1
: 1load_0
: 1const_2
> 1mul
: 1load_1
: 1const_3
> 1mul
: ladd
. 1store_2
: new

NV 0O ~JOUTINWDN B

iconst 1

return

#11

.{

public static final void main();
Code:

LineNumberTable:
line 2: 0
line 3: 2
line 4: 4
line 5: 12
line 6: 42
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[lpumep Ha Kotlin

1> fun main() {

2> valL a = 1

3> val b = 2

4> val ¢ = a*x2 + b*3
5> println("c = " + c)
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javap -v SampleClassKt

public static final void main();
Code:
O
: 1store_0
: 1const_2
. 1store_1
: 1load_0
: 1const_2
: 1mul
: 1load_1
> 1lconst_3
: 1mul
: ladd
: 1store_2
. new

NVO OO ~JOUTINWDND K-

iconst 1

return

#11

public static final void main();

{
Code:
LineNumberTable:
line 2: O
line 3: 2
line 4: 4
line 5: 12
line 6: 42
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javap -v SampleClassKt

public static final void main(); {
Code: public static final void main();

O: 1const_1 Code:

1: 1store_0 -

2: 1const_2 LineNumberTable:

3: 1store_1]l line 2: 0

4: 1load_0 line 3: 2

5: 1const_2 line 4: 4

6: 1mul line 5: 12

7: 1load_1 line 6: 42

8: 1const_3 LocalVariableTable:

9: 1mul Start Length Slot Name Sighature
10: iadd 12 31 2 C I
11: istore_2 4 39 1 b I
12: new #11 2 41 0 a I

42: return
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javap -v SampleClassKt

public static final void main(); {
Code: public static final void main();

O: 1const_1 Code:

1: 1store_0 -

2: 1const_2 LineNumberTable:

3: 1store_1]l line 2: 0

4: 1load_0 line 3: 2

5: 1const_2 line 4: 4

6: 1mul line 5: 12

7: 1load_1 line 6: 42

8: 1const_3 LocalVariableTable:

9: 1mul Start Length Slot Name Sighature
10: iadd 12 31 2 C I
11: istore_2 4 39 1 b I
12: new #11 2 41 0 a I

42: return
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[lpumep Ha Kotlin

1> main() {

2> a =1

3> b = 2

4> C = a*2 + Db*3S
5> println("c = " + c)
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javap -v SampleClassKt

public static final void main(); {
Code: public static final void main();

O: 1const_1 Code:

1: 1store_0 -

2: 1const_2 LineNumberTable:

3: 1store_1]l line 2: 0

4: 1load_0 line 3: 2

5: 1const_2 line 4: 4

6: 1mul line 5: 12

7: 1load_1 line 6: 42

8: 1const_3 LocalVariableTable:

9: 1mul Start Length Slot Name Sighature
10: iadd 12 31 2 C I
11: istore_2 4 39 1 b I
12: new #11 2 41 0 a I

42: return
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javap -v SampleClassKt

public static final void main(); {
Code: public static final void main();

O: 1const_1 Code:

1: 1store_0 -

2: 1const_2 LineNumberTable:

3: 1store_1]l line 2: 0

4: 1load_0 line 3: 2

5: 1const_2 line 4: 4

6: 1mul line 5: 12

7: 1load_1 line 6: 42

8: 1const_3 LocalVariableTable:

9: 1mul Start Length Slot Name Sighature
10: 1add 12 31 2 C I
11: 1store_2 4 39 1 b I
12: new #11 2 41 0 a I

42: return
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javap -v SampleClassKt

public static final void main(); {
Code: public static final void main();

O: 1const_1 Code:

1: 1store_0 -

2: 1const_2 LineNumberTable:

5: 1store_l line 2: 0

4: 1load_0 line 3: 2

5: 1const_2 line 4: 4

6: 1mul line 5: 12

7: 1load_1 line 6: 42

8: 1const_3 LocalVariableTable:

9: 1mul Start Length Slot Name Sighature
10: iadd 12 31 2 C I
11: istore_2 4 39 1 b I
12: new #11 2 41 0 a I

42: return
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javap -v SampleClassKt

public static final void main();
Code:
O
: 1store_0
: 1const_2
. 1store_1
: 1load_0
: 1const_2
> 1mul
: 1load_1
: 1const_3
> 1mul
: ladd
. 1store_2
: new

NV 0O ~JOUTINWDN B

iconst 1

return

#11

{
public static final void main();
Code:
LineNumberTable:
line 2: 0
line 3: 2
line 4: 4
line 5: 12
line 6: 42
LocalVariableTable:
Start Length Slot Name Sighature
12 31 2 C I
4 39 1 b I
2 41 0 a I

1
SourceFile: "SampleClass.kt"
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MUHCTPYMEHTbLI ond oTnagaku Ha YpPpOBHe
oanT-Koaa
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MUHCTPYMEHTbLI ond oTnagaku Ha YpPpOBHe
oanT-Koaa

HeT yHuBepcanbHoro
MHCTPYMEHTA

Onga oTnagky jvm
banT-Koaa
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MUHCTPYMEHTbLI ond oTnagaku Ha YpPpOBHe
oanT-Koaa

HeT yHuBepcanbHoro javap

MHCTPYMEHTA [MPOCMOTP UHCTPYKLMIA
a4 otnagky jvm banT-koga

banT-koaa

132



MUHCTPYMEHTbLI ond oTnagaku Ha YpPpOBHe
oanT-Koaa

HeT yHuBepcanbHoro
MHCTPYMeEHTa
Onga oTnagky jvm

javap JDB

[IpoCMOTP MHCTPYKL NN Vlcnonb3oBaTb cneumnanbHble
banT-koaa MHCTPYKUWUN Bpoae stepi

banT-koga 1 wherel
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OTnagka
aBTOreHepeHHoro Koga



ABTtoreHepauusa B Runtime: oCHOBHbIe KEUCDI

11658



ABTtoreHepauusa B Runtime: oCHOBHbIe KEUCDI

ORM AOP RPC
forMpoBaHne, TpaH3aKUmm

68
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ABTtoreHepauusa B Runtime: oCHOBHbIe KEUCDI

ORM AOP RPC
N NPOKCU-00BHLEKTOB Mepexsar Bbl30BOB, n cepuanunsauum

niormpoBaHmne, TpaH3aKLum

68

MokupoBaHue B
TeCTUpOBaHUN

11637/



ABTtoreHepauusa B Runtime: oCHOBHbIe KEUCDI

ORM AOP RPC
N NPOKCU-00BHLEKTOB Mepexsar Bbl30BOB, n cepuanunsauum

rnormpoBaHumne, TpaH3akumnn

68

MokupoBaHue B OdnHamunyeckue
TeCTUpOBaHUN A3bIKU Ha JVM

Groovy, Kotlin scripting
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ABTtoreHepauusa B Runtime: oCHOBHbIe KEUCDI

ORM AOP RPC

forMpoBaHne, TpaH3aKUmm

68

MokupoBaHue B HdnHamu4yeckue OnTummnsauummn

TeCTUpOBaHUN A3bIKU Ha JVM CheumnduKkaLmus MeToaoB

No KOHKPETHbIE JaHHbIEe,
Hanpumep, B Apache Spark

,\/\,

139

Groovy, Kotlin scripting




OCHOBHbIe 3Tanbl OTNaaKu
aBTOreHepeHHoro 6anTt-Kkoaa

CreHepupoBaTh Krnacc
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OCHOBHbIe 3Tanbl OTNaaKu
aBTOreHepeHHoro 6anTt-Kkoaa

-

CreHepupoBaThb Knacc )

CepuannsoBaTb ero B MaccmB 6anT n coxpaHuTb class file
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OCHOBHbIe 3Tanbl OTNaaKu
aBTOreHepeHHoro 6anTt-Kkoaa

CreHepupoBaThb Knacc )

Cepunanmni3oBaTb ero B MaccmB 6anT n coxpaHuTtb class file 99

[lony4ynTb NUCTUHI BAUT-KOO-NHCTPYKLUMIN Yepes javap -V
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OCHOBHbIE 3Tanbl OTNagkKu
aBTOreHepeHHoro 6anTt-Kkoaa

CreHepupoBaTb Kacc oY
CepunanusoBaTtb ero B Mmaccms 6anTt u coxpaHutb class file 99
[Tony4nTb NUCTUHT BanUT-KOO-UHCTPYKUKUN Yepes javap -V B8

[locTaBuTb breakpoint Ha To4ky BXxoaa

14
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OCHOBHbIE 3Tanbl OTNagkKu
aBTOreHepeHHoro 6anTt-Kkoaa

CreHepupoBaTb Kacc oY
CepnanusoBaTb ero B maccus 6anT n coxpaHutb class file ote
[Tony4nTb NUCTUHT BanUT-KOO-UHCTPYKUKUN Yepes javap -V B8
[locTaBuTb breakpoint Ha To4Ky Bxoaa Ch

OTu noLaroBo No MHCTPYKUMAM stepl

[lo3numnsa onpenenserca Yepes wherel
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OCHOBHbIE 3Tanbl OTNagkKu
aBTOreHepeHHoro 6anTt-Kkoaa

CreHepupoBaTh Knacc e
Cepuanu3oBaTb ero B MaccuB 6anT n coxpaHutb class file 22
[Tony4nTb NUCTUHI BaNUT-KOO-UHCTPYKLUUN Yepes javap -V B8
[locTaBuTb breakpoint Ha To4ky Bxoaa Ch

Oty nowaroBo No UHCTPYKUMAM stepl
[To3numna onpenensierca Yepes3 wherel

Ecnu goctynHa otnagoyHasa nHopmaumsa:

MOXHO TaKXXe CMOTPETb 3HAYEHUS NOKaNbHbIX MEPEMEHHbLIX XU NOLAroBo UATU
B cooTtBeTcTBUU C LineNumbersTable
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public interface Entrypoint {
int calculate(int a, int b):
1
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ABTtoreHepauusa 6ant-koaa Ha ClassFile API

1> buildClass(ClassBuilder ch) {
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ABTtoreHepauusa 6ant-koaa Ha ClassFile API

1> buildClass(ClassBuilder cbh) 7
2> chb.withFlags(ClassFile.ACC_PUBLIC)
3> .withInterfaceSymbols(ClassDesc.of(“Entrypoint”))
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ABTtoreHepauusa 6ant-koaa Ha ClassFile API

1> buildClass(ClassBuilder cbh) 7

2> chb.withFlags(ClassFile.ACC_PUBLIC)

3> .withInterfaceSymbols(ClassDesc.of(“Entrypoint”))

4> c .

5> .withMethodBody(

6> "calculate",

7> MethodTypeDesc.of(CD_int, List.of(CD_int,CD_int)),
8> ClassFile.ACC_PUBLIC,

Q> BytecodeDebugging: :buildMethodBody)

10>
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ABTtoreHepauusa 6ant-koaa Ha ClassFile API

1> buildMethodBody(CodeBuilder ch) A{
2> cb.iload(1)

3> .iload(2)

4> .imul()

5> .return_(TypeKind.INT);
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OTnaaka 6aut-koaa npu nomowu JDB

35> Entrypoint instance = generateInstance();
36> result = instance.calculate(4, 6);
37> I0.println("Result of calculate(4, 6) is " + result);
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> stop at BytecodeDebuggling:36
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> stop at BytecodeDebuggling:36
Deferring breakpoint BytecodeDebugging: 36.
It will be set after the class 1s loaded.
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> stop at BytecodeDebuggling:36
Deferring breakpoint BytecodeDebugging: 36.
It will be set after the class 1s loaded.
> run
Breakpoint hit: "thread=main", ...main(), 1line=36 bci=121
36 int result = instance.calculate(4, 6):
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> stop at BytecodeDebuggling:36
Deferring breakpoint BytecodeDebugging: 36.
It will be set after the class 1s loaded.

> pun
Breakpoint hit: "thread=main", ...main(), 1line=36 bci=121
36 int result = instance.calculate(4, 6):

> stepi (x4)
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> stop at BytecodeDebuggling:36
Deferring breakpoint BytecodeDebugging: 36.
It will be set after the class 1s loaded.

> pun
Breakpoint hit: "thread=main", ...main(), 1line=36 bci=121
36 int result = instance.calculate(4, 6):

> stepl (x4)
Step completed: "thread=main", ...calculate(), line=-1 bci=0
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stop at BytecodeDebugging:36
Deferring breakpoint BytecodeDebugging: 36.
It will be set after the class 1s loaded.

run
Breakpoint hit: "thread=main", ...main(), 1line=36 bci=121

36 int result = instance.calculate(4, 6):

stepi (x4)

Step completed: "thread=main", ...calculate(), line=-1 bci=0
wherel

[1] SampleCalculator.calculate (null), pc = 0
[2] BytecodeDebugging.main (BytecodeDebugging.java:36), pc = 126
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stop at BytecodeDebugging:36
Deferring breakpoint BytecodeDebugging: 36.
It will be set after the class 1s loaded.

run
Breakpoint hit: "thread=main", ...main(), 1line=36 bci=121

36 int result = instance.calculate(4, 6):

stepi (x4)

Step completed: "thread=main", ...calculate(), line=-1 bci=0
wherel

[1] SampleCalculator.calculate (null), pc = 0

[2] BytecodeDebugging.main (BytecodeDebugging.java:36), pc = 126
stepl
Step completed: "thread=main", ...calculate(), 1line=-1 bci=1
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stop at BytecodeDebugging:36
Deferring breakpoint BytecodeDebugging: 36.
It will be set after the class 1s loaded.

run
Breakpoint hit: "thread=main", ...main(), 1line=36 bci=121

36 int result = instance.calculate(4, 6):

stepi (x4)

Step completed: "thread=main", ...calculate(), line=-1 bci=0
wherel

[1] SampleCalculator.calculate (null), pc = 0

[2] BytecodeDebugging.main (BytecodeDebugging.java:36), pc = 126
stepl
Step completed: "thread=main", ...calculate(), 1line=-1 bci=1
lLocals
Local variable information not available. Compile with -g to
generate variable information
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ABTtoreHepauusa 6ant-koaa Ha ClassFile API
C OoTNaaoYHbIMMN CUMBONaMM

1> buildMethodBody(CodeBuilder ch) A{
2> cb.iload(1)

3> .iload(2)

4> .imul()

5> .return_(TypeKind.INT);
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ABTtoreHepauusa 6ant-koaa Ha ClassFile API
C OoTNaaoYHbIMMN CUMBONaMM

1> buildMethodBody(CodeBuilder ch) A{
2> ch

9> .1load (1)
10> .1load(2)

12> .imul()
13> .return_(TypeKind.INT);
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ABTtoreHepauusa 6ant-koaa Ha ClassFile API
C OoTNaaoYHbIMMN CUMBONaMM

1> buildMethodBody(CodeBuilder ch) A{

2> ch

3>

4> .localVariable(1, "a", CD_int, ch.startLabel(),
5> cb.endLabel())

6> .localVariable(2, "b", CD_int, ch.startLabel(),
7> cb.endLabel())

8>

9> .iload (1)
10> .iload(2)
11>
12> .imul()
13> .return_(TypeKind.INT);
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ABTtoreHepauusa 6ant-koaa Ha ClassFile API
C OoTNaaoYHbIMMN CUMBONaMM

1> buildMethodBody(CodeBuilder ch) A{

2> cb.localVariable(0, "this", ClassDesc.of(...),

3> cb.staPtLabel() ch. endLabel())
4> .localVariable(1, "a", CD_int, cb.startLabel(),
5> cb.endLabel())

6> .localVariable(2, "b", CD_int, ch.startLabel(),
7> cb.endLabel())

8>

9> .iload (1)
10> .iload(2)
11>
12> .imul()
13> .return_(TypeKind.INT);
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ABTtoreHepauusa 6ant-koaa Ha ClassFile API
C OoTNaaoYHbIMMN CUMBONaMM

1> buildMethodBody(CodeBuilder ch) A{

2> cb.localVariable(0, "this", ClassDesc.of(...),

3> cb.staPtLabel() ch. endLabel())
4> .localVariable(1, "a", CD_int, cb.startLabel(),
5> cb.endLabel())

6> .localVariable(2, "b", CD_int, ch.startLabel(),
7> cb.endLabel())

8> .LineNumber (1)

9> .iload (1)
10> .iload(2)
11> .LineNumber(2)
12> .imul()
13> .return_(TypeKind.INT);
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ABTtoreHepauusa 6ant-koaa Ha ClassFile API

1> buildClass(ClassBuilder cbh) 7

2> chb.withFlags(ClassFile.ACC_PUBLIC)

3> .withInterfaceSymbols(ClassDesc.of(“Entrypoint”))

4> c .

5> .withMethodBody(

6> "calculate",

7> MethodTypeDesc.of(CD_int, List.of(CD_int,CD_int)),
8> ClassFile.ACC_PUBLIC,

Q> BytecodeDebugging: :buildMethodBody)

10>
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ABTtoreHepauusa 6ant-koaa Ha ClassFile API

1> buildClass(ClassBuilder cbh) 7

2> chb.withFlags(ClassFile.ACC_PUBLIC)

3> .withInterfaceSymbols(ClassDesc.of(“Entrypoint”))

4> c .

5> .withMethodBody(

6> "calculate",

7> MethodTypeDesc.of(CD_int, List.of(CD_int,CD_int)),
8> ClassFile.ACC_PUBLIC,

Q> BytecodeDebugging: :buildMethodBody)

10> .with(SourceFileAttribute.of("expression.expr")):
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JDB: 3anycK ¢ ykasaHuemM ncxoaHuKoB

https://github.com/alextokarew/java-debugging

./gradlew build

jdb -sourcepath app/src/main/java:app/src/main/exprs \
-classpath app/build/classes/java/main \
com.glthub.alextokarew.javadebugging.codegen.BytecodeDebugging
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JDB: 3anycK ¢ ykasaHuemM ncxoaHuKoB

https://github.com/alextokarew/java-debugging

./gradlew build

jdb -sourcepath app/src/main/java:app/src/main/exprs \
-classpath app/build/classes/java/main \
com.glthub.alextokarew.javadebugging.codegen.BytecodeDebugging

[lceBAOUCXOOHUK :
.../exprs/com/github/alextokarew/javadebugging/codegen/expression.expnr
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> stop at BytecodeDebuggling:36
Deferring breakpoint BytecodeDebugging: 36.
It will be set after the class 1s loaded.
> run
Breakpoint hit: "thread=main", ...main(), 1line=36 bci=121
36 int result = instance.calculate(4, 6):

169



> stop at BytecodeDebuggling:36
Deferring breakpoint BytecodeDebugging: 36.
It will be set after the class 1s loaded.

> pun
Breakpoint hit: "thread=main", ...main(), 1line=36 bci=121
36 int result = instance.calculate(4, 6):

> step
Step completed: "thread=main", ...calculate(), 1line=1 bci=0

1 6 4
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stop at BytecodeDebugging:36

Deferring breakpoint BytecodeDebugging: 36.

It will be set after the class 1s loaded.

run

Breakpoint hit: "thread=main", ...main(), 1line=36 bci=121
36 int result = instance.calculate(4, 6):

step

Step completed: "thread=main", ...calculate(), line=1 bci=0
1 6 4

list

1 => 6 4

? *
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stop at BytecodeDebugging:36
Deferring breakpoint BytecodeDebugging: 36.
It will be set after the class 1s loaded.
run
Breakpoint hit: "thread=main", ...main(), 1line=36 bci=121
36 int result = instance.calculate(4, 6):
step
Step completed: "thread=main", ...calculate(), line=1 bci=0
1 6 4
list
1 => 6 4
? *
where
[1] SampleCalculator.calculate (expression.expr:1)
[2] BytecodeDebugging.main (BytecodeDebugging.java:36)
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stop at BytecodeDebugging:36
Deferring breakpoint BytecodeDebugging: 36.
It will be set after the class 1s loaded.
run
Breakpoint hit: "thread=main", ...main(), 1line=36 bci=121
36 int result = instance.calculate(4, 6):
step
Step completed: "thread=main", ...calculate(), line=1 bci=0
1 6 4
list
1 => 6 4
? *
where
[1] SampleCalculator.calculate (expression.expr:1)
[2] BytecodeDebugging.main (BytecodeDebugging.java:36)
step
Step completed: "thread=main", ...calculate(), 1line=2 bci=2
? *
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run
Breakpoint hit: "thread=main", ...main(), 1line=36 bci=121
36 int result = instance.calculate(4, 6):
step
Step completed: "thread=main", ...calculate(), 1line=1 bci=0
1 6 4
list
1 => 6 4
? *
where
[1] SampleCalculator.calculate (expression.expr:1)
[2] BytecodeDebugging.main (BytecodeDebugging.java:36)
step
Step completed: "thread=main", ...calculate(), 1line=2 bci=2
? *
lLocals
Method arguments:
a 4
b 6
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OTnaaka aBToreHepeHHoro bamT-koaa:
BbiBOAbI
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OTnaaka aBToreHepeHHoro bamT-koaa:
BbiBOAbI

[1na ynobcTBa oTnagku
nobaBnanTe OTNAaO04HYIO
MHPOPMaLINIO

nop feature flag
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OTnaaka aBToreHepeHHoro bamT-koaa:
BbiBOAbI

[1na ynobcTBa oTnagku this — TOXXe nokanbHas
nobaBnanTe OTNAaO04HYIO nepeMeHHasl, KoTopas
MHpOPMaLINIO BCerga HaxoauTcs

nop feature flag B HyN1leBOM CIOTE
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OTnaaka aBToreHepeHHoro bamT-koaa:

BbIBOAbI

[1na ynobcTBa oTnagku
nobaBnanTe OTNAaO04HYIO
MHPOPMaLINIO

nop feature flag

this — ToXe nokanbHa“

nepemMeHHas, KoTopas
BCErga HaxoauTcs
B HYJIEBOM CNnoTe

Package name — matters!

JDB yBunaen nceeooncxooHuK
N NoKasars HY>XHble CTPOKU

B VSCode u Eclipse nony4dunocsb
3anUTn gedbarrepom BHYTPb

aBTOreHepPEHHOro NCxXoOHuKa,
B Intellij IDEA — HeT
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00 Q java-debugging Chv

RUNAND DEB.. [> No Confi.. v E T Y T O 0 4 | expression.expr X

v VARIABLES app > src > main > exprs > coTn > github > alextokarew > javadet

v Local 1 6 4
a=4 D B
3

b =6
> this = SampleCalculator@l?




OcHoBHbIe NpoodnemMb! Npu oTnaake
Ha ypoBHe bauT-Koaa
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OcHoBHbIe NpoodnemMb! Npu oTnaake
Ha ypoBHe bauT-Koaa

HeT BO3MOXXHOCTU CMOTPETDL
3Ha4YeHUA NokKarnbHbIX
nepeMeHHbIX B crny4yae
OTCYTCTBUA pasgena
LocalVariable Table
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OcHoBHbIe NpoodnemMb! Npu oTnaake

Ha ypoBHe bauT-Koaa

HeT BO3MOXXHOCTU CMOTPETDL
3Ha4YeHUA NokKarnbHbIX
nepeMeHHbIX B crny4yae
OTCYTCTBUA pasgena
LocalVariable Table

JDI| He nogoepXmBaeT
MHCNEKUMIO onepaHaHoro
CTeKa gake npu Hann4ymm
NOSIHOW OTNago4vYHoOU
MHOPpMaLK
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OTnagka
MHOTIOMOTOYHbIX
NPUNOXeHUN



OcHoBHbIe NpoodnemMb! Npu oTnaake
MHOTIOMOTOYHbIX MPUNOXEHUN
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OcHoBHbIe NpoodnemMb! Npu oTnaake
MHOTIOMOTOYHbIX MPUNOXEHUN

TpyaHoBOCNpOU3BOAUMBDbIE
OLLMNOKMU
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OcHoBHbIe NpoodnemMb! Npu oTnaake
MHOTIOMOTOYHbIX MPUNOXEHUN

TpyaAHoBoCnpousBoAnMbIe [Ne6arrMmHr MoXxeT NOMOYb
OLLUNOKM MOHATb NPUYNHY BO3HUKHOBEHUS
rOHOK U OeanokKoB
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OcHoBHbIe NpoodnemMb! Npu oTnaake
MHOTIOMOTOYHbIX MPUNOXEHUN

TpyaAHoBoCnpousBoAnMbIe [Ne6arrMmHr MoXxeT NOMOYb
OLLUNOKM MOHATb NPUYNHY BO3HUKHOBEHUS
rOHOK U OeanokKoB

jcmd Thread.print (aka jstack)
jcstress
Java PathFinder
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6>

8>

9>
10>
11>
12>
13>
14>
15>
16>
17>
18>
19>
20>
21>
22>

private 1nt counter

private void run() {
try(var pool
for (int i
pool.submit(() -> {
counter++;

F);

private void main() {
var races
races.run();
I0.println("Counter: Expected 2, actual " +

Executors.newFixedThreadPool(2)) {
O: 1 < 2: i++) {

new Races():

races.counter):



6>

8>

9>
10>
11>
12>
13>
14>
15>
16>
17>
18>
19>
20>
21>
22>

private 1nt counter

private void run() {
try(var pool
for (int i
pool.submit(() -> {
counter++;

F);

private void main() {
var races
races.run();
I0.println("Counter: Expected 2, actual " +

Executors.newFixedThreadPool(2)) {
O: 1 < 2: i++) {

new Races():

races.counter):



JDB and Races

> stop thread at Races:12
> run

Breakpolint hit: "thread=pool-1-thread-1”"
Breakpolint hit: "thread=pool-1-thread-2"
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JDB and Races

> stop thread at Races:12

> pun

Breakpolint hit: "thread=pool-1-thread-1"
Breakpolint hit: "thread=pool-1-thread-2"
> threads

Group main:
(java.lang.Thread)l main cond. waiting

(java.lang.Thread)643 pool-1-thread-1 running (at breakpoint)
(java.lang.Thread)645 pool-1-thread-2 running (at breakpoint)
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JDB and Races

> stop thread at Races:12

> pun

Breakpolint hit: "thread=pool-1-thread-1"
Breakpolint hit: "thread=pool-1-thread-2"
> threads

Group main:

(java.lang.Thread)1l main cond. waiting
(java.lang.Thread)643 pool-1-thread-1 running (at breakpoint)
(java.lang.Thread)645 pool-1-thread-2 running (at breakpoint)

> suspend 645
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JDB and Races

> stop thread at Races:12

> pun

Breakpolint hit: "thread=pool-1-thread-1"
Breakpolint hit: "thread=pool-1-thread-2"
> threads

Group main:

(java.lang.Thread)1l main cond. waiting
(java.lang.Thread)643 pool-1-thread-1 running (at breakpoint)
(java.lang.Thread)645 pool-1-thread-2 running (at breakpoint)

> suspend 645
> thread 6435
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JDB and Races

private void lambda$run$0();
descriptor: ()V
flags: (0x1002) ACC_PRIVATE, ACC_SYNTHETIC
Code:
stack=3, locals=1, args_size=1
: aload_0
. dup
: getfield #7 // Field counter:I
: 1const_1
: ladd
. putfield #7 // Field counter:I
10: return
LineNumberTable:
line 12: 0O
line 13: 10
LocalVariableTable:
Start Length Slot Name Sighature
0 11 O this
Lcom/github/alextokarew/javadebugging/multithreaded/Races;

N OO0 N RO

194



JDB and Races

private void lambda$run$0();
descriptor: ()V
flags: (0x1002) ACC_PRIVATE, ACC_SYNTHETIC
Code:
stack=3, locals=1, args_size=1
: aload_0
. dup
: getfield #7 // Field counter:I
: 1const_1
: ladd
. putfield #7 // Field counter:I
10: return
LineNumberTable:
line 12: 0O
line 13: 10
LocalVariableTable:
Start Length Slot Name Sighature
0 11 O this
Lcom/github/alextokarew/javadebugging/multithreaded/Races;

N OO NN O
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JDB and Races

private void lambda$run$0();
descriptor: ()V
flags: (0x1002) ACC_PRIVATE, ACC_SYNTHETIC
Code:
stack=3, locals=1, args_size=1
: aload_0
. dup
: getfield #7 // Field counter:I
: 1const_1
: ladd
. putfield #7 // Field counter:I
10: return
LineNumberTable:
line 12: 0O
line 13: 10
LocalVariableTable:
Start Length Slot Name Sighature
0 11 O this
Lcom/github/alextokarew/javadebugging/multithreaded/Races;

N OO N O
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JDB and Races

> stop thread at Races:12

> pun

Breakpolint hit: "thread=pool-1-thread-1"
Breakpolint hit: "thread=pool-1-thread-2"
> threads

Group main:

(java.lang.Thread)1l main cond. waiting
(java.lang.Thread)643 pool-1-thread-1 running (at breakpoint)
(java.lang.Thread)645 pool-1-thread-2 running (at breakpoint)

> suspend 645

> thread 643

pool-1-thread-1[1] stepi (x3)

Step completed: "thread=pool-1-thread-1", ...$run$0(), 1line=12 bci=5
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JDB and Races

Breakpolint hit: "thread=pool-1-thread-1"
Breakpolint hit: "thread=pool-1-thread-2"
> threads

Group main:

GEVERERRNCE DK main cond. waiting
(java.lang.Thread)643 pool-1-thread-1 running (at breakpoint)
(java.lang.Thread)645 pool-1-thread-2 running (at breakpoint)

> suspend 645

> thread 643

pool-1-thread-1[1] stepi (x3)

Step completed: "thread=pool-1-thread-1", ...$run$0(), 1line=12 bci=5
pool-1-thread-1[1] print counter

conuter = 0
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JDB and Races

Group main:

GEVERERRNCE DN main cond. waiting
(java.lang.Thread)643 pool-1-thread-1 running (at breakpoint)
(java.lang.Thread)645 pool-1-thread-2 running (at breakpoint)

> suspend 645

> thread 643

pool-1-thread-1[1] stepi (x3)

Step completed: "thread=pool-1-thread-1", ...$run$0(), 1line=12 bci=5
pool-1-thread-1[1] print counter

conuter = 0

pool-1-thread-1[1] suspend 643

pool-1-thread-1[1] thread 645

pool-1-thread-2[1] resume 645

[



JDB and Races

GEVERERRNCE DN main
(java.lang.Thread)643 pool-1-thread-1
(java.lang.Thread)645 pool-1-thread-2

> suspend 645
> thread 643

pool-1-thread-1[1] stepi (x3)

Step completed:

"thread=pool-1-thread-1",

pool-1-thread-1[1] print counter

conuter = 0

pool-1-thread-1[1] suspend 643
pool-1-thread-1[1] thread 645
pool-1-thread-2[1] resume 645
pool-1-thread-2[1] stepi (x3)

Step completed:

"thread=pool-1-thread-1",

cond. waiting
running (at breakpoint)
running (at breakpoint)

.$run$0(), line=12 bci=5

.$run$0(), line=12 bci=5
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JDB and Races

(java.lang.Thread)645 pool-1-thread-2 running (at breakpoint)
> suspend 645
> thread 6435
pool-1-thread-1[1] stepi (x3)
Step completed: "thread=pool-1-thread-1", ...$run$0(), 1line=12 bci=5
pool-1-thread-1[1] print counter
conuter = 0
pool-1-thread-1[1] suspend 643
pool-1-thread-1[1] thread 645
pool-1-thread-2[1] resume 645
pool-1-thread-2[1] stepi (x3)
Step completed: "thread=pool-1-thread-1", ...$run$0(), 1line=12 bci=5
pool-1-thread-2[1] print counter
conuter = 0
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JDB and Races

pool-1-thread-1[1] stepi (x3)

Step completed: "thread=pool-1-thread-1", ...$run$0(), 1line=12 bci=5
pool-1-thread-1[1] print counter

conuter = 0

pool-1-thread-1[1] suspend 643

pool-1-thread-1[1] thread 645

pool-1-thread-2[1] resume 645

pool-1-thread-2[1] stepi (x3)

Step completed: "thread=pool-1-thread-1", ...$run$0(), 1line=12 bci=5
pool-1-thread-2[1] print counter

conuter = 0

pool-1-thread-2[1] resume 643

pool-1-thread-2[1] cont
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JDB and Races

private void lambda$run$0();
descriptor: ()V
flags: (0x1002) ACC_PRIVATE, ACC_SYNTHETIC
Code:
stack=3, locals=1, args_size=1
: aload_0
. dup
: getfield #7 // Field counter:I
: 1const_1
. ladd
. putfield #7 // Field counter:I
10: return
LineNumberTable:
line 12: 0O
line 13: 10
LocalVariableTable:
Start Length Slot Name Sighature
0 11 O this
Lcom/github/alextokarew/javadebugging/multithreaded/Races;

N OO0 N RO
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JDB and Races

pool-1-thread-1[1] stepi (x3)

Step completed: "thread=pool-1-thread-1", ...$run$0(), 1line=12 bci=5
pool-1-thread-1[1] print counter

conuter = 0

pool-1-thread-1[1] suspend 643

pool-1-thread-1[1] thread 645

pool-1-thread-2[1] resume 645

pool-1-thread-2[1] stepi (x3)

Step completed: "thread=pool-1-thread-1", ...$run$0(), 1line=12 bci=5
pool-1-thread-2[1] print counter

conuter = 0

pool-1-thread-2[1] resume 643

pool-1-thread-2[1] cont

Counter: Expected 2, actual 1
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Async

Stack
Traces



Async Stack Traces B Intellij IDEA

[lo3BONAET YCTAaHOBUTL
CBA3b MeXay
OTNaKnBaeMbIM NMOTOKOM
M NOTOKOM, 3anyCTUBLLNM
ACUHXPOHHOE BblYMUCIEHUE
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Async Stack Traces B Intellij IDEA

[lo3BONSAET YCTAHOBUTL B cnyyae kackagHoro
CBA3b MeXay 3anycka 3agad no3BonseT
OTNaXXnBaeMbIiM NMOTOKOM OTCIIeanTb BCIO LIEMOYKY
M NOTOKOM, 3anyCTUBLLINM ACUHXPOHHbIX BbI30OBOB

dCNHXPOHHOE BbIHNCIIEHNE
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12>
13>
15>
16>
17>
18>

nrivate static CompletableFuture<User> getUserByName(String name) {

}.

return CompletableFuture.supplyAsync(() -> {
try { Thread.sleep(800);: } catch (InterruptedException ignored) {}
return new User(1, name):

F);
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12>
13>
15>
16>
17>
18>
19>
20>
21>
23>
24>
25>
27>
A
30>

nrivate static CompletableFuture<User> getUserByName(String name) {
return CompletableFuture.supplyAsync(() -> {
try { Thread.sleep(800);: } catch (InterruptedException ignored) {}
return new User(1, name):

nrivate static CompletableFuture<List<Order>> getOrders(int userId) {
return CompletableFuture.supplyAsync(() -> {
try { Thread.sleep(1000); } catch (InterruptedException ignored) 4}
1) throw new RuntimeException("BOOM"):
return Arrays.aslList(new Order(101, userId, "Book"),
new Order(102, userId, "Laptop")):

if (userld



12>
13>
15>
16>
17>
18>
19>
20>
21>
23>
24>
25>
27>
A
30>

F);

F);

CompletableFuture<User> getUserByName(String name) A
CompletableFuture.supplyAsync(() -> {
{ Thread.sleep(800);: }

User(1, name):

(InterruptedException ignored) {}

CompletableFuture<List<0Order>> getOrders(int userId) A
CompletableFuture.supplyAsync(() -> {

{ Thread.sleep(1000); }

(userId

Arrays.aslList(

(InterruptedException ignored) {}
RuntimeException("BOOM") ;
Order(101, userId, "Book"),
Order (102, userId, "Laptop")):

31>
32>
33>
34>

35>
36>

}.

main(String[] args) ExecutionException, InterruptedException {
CompletableFuture<User> userFuture = getUserByName(args[0]):
CompletableFuture<List<0rder>> ordersFuture = userFuture.thenCompose(
user -> getOrders(user.id));
I0.println("Orders for user: " + ordersFuture.get());

}.
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Exception 1n thread "main" java.util.concurrent.ExecutionException:
java.lang.

at
at
at
at
Caused
at
at
at
at
at
at
at

Com
Com
Com

0
0

0

Leta

lLeta

lLeta

0
0

0

RuntimeException: BOOM

LeFuture.wrapInExecutionException(CompletableFuture.java:345)

leFuture.reportGet(CompletableFuture.java:440)

leFuture.get(CompletableFuture.java:2094)

AsyncExample.main(AsyncExample.java:35)
by: java.lang.RuntimeException: BOOM
AsyncExample.lambda$getOrders$0(AsyncExample.java:24)

Com
Com
-onr
-onr
-onr
-onr

(U
(U
(U
(U

nletableFuture$AsyncSupply.run(CompletableFuture.java:1789)
nletableFuture$AsyncSupply.exec(CompletableFuture.java:1781)
oinTask.doExec(ForkJoinTask.java:511)
oinPool$WorkQueue.topLevelExec(ForkJoinPool.java:1450)
oinPool.runWorker(ForkJoinPool.java:2019)
oinWorkerThread.run(ForkJoinWorkerThread.java:187)
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Exception 1n thread "main" java.util.concurrent.ExecutionException:
java.lang.

at
at
at
at
Caused
at
at
at
at
at
at
at

Com
Com
Com

0
0

0

Leta

lLeta

lLeta

0
0

0

RuntimeException: BOOM

LeFuture.wrapInExecutionException(CompletableFuture.java:345)

leFuture.reportGet(CompletableFuture.java:440)

leFuture.get(CompletableFuture.java:2094)

AsyncExample.main(AsyncExample.java:35)
by: java.lang.RuntimeException: BOOM
AsyncExample.lambda$getOrders$0(AsyncExample.java:24)

Com
Com
-onr
-onr
-onr
-onr

(U
(U
(U
(U

nletableFuture$AsyncSupply.run(CompletableFuture.java:1789)
nletableFuture$AsyncSupply.exec(CompletableFuture.java:1781)
oinTask.doExec(ForkJoinTask.java:511)
oinPool$WorkQueue.topLevelExec(ForkJoinPool.java:1450)
oinPool.runWorker(ForkJoinPool.java:2019)
oinWorkerThread.run(ForkJoinWorkerThread.java:187)
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12>
13>
15>
16>
17>
18>
19>
20>
21>
23>
24>
25>
27>
A
30>
31>
32>
33>
34>

35>
36>

nrivate static CompletableFuture<User> getUserByName(String name) {

}.

return CompletableFuture.supplyAsync(() -> {
try { Thread.sleep(800);: } catch (InterruptedException ignored) {}

return new User(1l, name);

F);

nrivate static CompletableFuture<List<Order>> getOrders(int userId) {

}.

return CompletableFuture.supplyAsync(() -> {
try { Thread.sleep(1000); } catch (InterruptedException ignored) 4}
if (userId == 1) throw new RuntimeException("BOOM");
return Arrays.aslList(new Order(101, userId, "Book"),
new Order(102, userId, "Laptop")):
B

static void main(String[] args) throws ExecutionException, InterruptedException A

}.

CompletableFuture<User> userFuture = getUserByName(args[0]):

CompletableFuture<List<0rder>> ordersFuture = userFuture.thenCompose(
user -> getOrders(user.id));

I0.println("Orders for user: " + ordersFuture.get());
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Exception 1n thread "main" java.util.concurrent.ExecutionException:
java.lang.RuntimeException: BOOM
at ...
at AsyncExample.main(AsyncExample.java:35)
Caused by: java.lang.RuntimeException: BOOM
at AsyncExample.lambda$getOrders$0(AsyncExample.java:24)
at CompletableFuture$AsyncSupply.run$$$capture(CompletableFuture.java:1789)
at CompletableFuture$AsyncSupply.run(CompletableFuture.java)

at --- Async.Stack.Trace --- (captured by IntelliJ IDEA debugger)
at CompletableFuture$AsyncSupply.<init>(CompletableFuture.java:1775)
at

at AsyncExample.getOrders(AsyncExample.java:21)
at AsyncExample.lambda$main$0(AsyncExample.java:34)
at CompletableFuture$UniCompose.tryFire(CompletableFuture.java:1171)

at ...

at CompletableFuture$AsyncSupply.run(CompletableFuture.java)

at --- Async.Stack.Trace --- (captured by IntelliJ IDEA debugger)
at AsyncSupply.<init>(CompletableFuture.java:1775)

at

at AsyncExample.getUserByName(AsyncExample.java:13)
at AsyncExample.main(AsyncExample.java:33)
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Exception 1n thread "main" java.util.concurrent.ExecutionException:
java.lang.RuntimeException: BOOM
at ...
at AsyncExample.main(AsyncExample.java:35)
Caused by: java.lang.RuntimeException: BOOM
at AsyncExample.lambda$getOrders$0(AsyncExample.java:24)
at CompletableFuture$AsyncSupply.run$$$capture(CompletableFuture.java:1789)
at CompletableFuture$AsyncSupply.run(CompletableFuture.java)

at --- Async.Stack.Trace --- (captured by IntelliJ IDEA debugger)
at CompletableFuture$AsyncSupply.<init>(CompletableFuture.java:1775)
at

at AsyncExample.getOrders(AsyncExample.java:21)
at AsyncExample.lambda$main$0(AsyncExample.java:34)
at CompletableFuture$UniCompose.tryFire(CompletableFuture.java:1171)

at ...

at CompletableFuture$AsyncSupply.run(CompletableFuture.java)

at --- Async.Stack.Trace --- (captured by IntelliJ IDEA debugger)
at AsyncSupply.<init>(CompletableFuture.java:1775)

at

at AsyncExample.getUserByName(AsyncExample.java:13)
at AsyncExample.main(AsyncExample.java:33)
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Exception 1n thread "main" java.util.concurrent.ExecutionException:
java.lang.RuntimeException: BOOM
at ...
at AsyncExample.main(AsyncExample.java:35)
Caused by: java.lang.RuntimeException: BOOM
at AsyncExample.lambda$getOrders$0(AsyncExample.java:24)
at CompletableFuture$AsyncSupply.run$$$capture(CompletableFuture.java:1789)
at CompletableFuture$AsyncSupply.run(CompletableFuture.java)

at --- Async.Stack.Trace --- (captured by IntelliJ IDEA debugger)
at CompletableFuture$AsyncSupply.<init>(CompletableFuture.java:1775)
at

at AsyncExample.getOrders(AsyncExample.java:21)
at AsyncExample.lambda$main$0(AsyncExample.java:34)
at CompletableFuture$UniCompose.tryFire(CompletableFuture.java:1171)

at ...

at CompletableFuture$AsyncSupply.run(CompletableFuture.java)

at --- Async.Stack.Trace --- (captured by IntelliJ IDEA debugger)
at AsyncSupply.<init>(CompletableFuture.java:1775)

at

at AsyncExample.getUserByName(AsyncExample.java:13)
at AsyncExample.main(AsyncExample.java:33)
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12>
13>
15>
16>
17>
18>
19>
20>
21>
23>
24>
25>
27>
A
30>
31>
32>
33>
34>

35>
36>

nrivate static CompletableFuture<User> getUserByName(String name) {

}.

return CompletableFuture.supplyAsync(() -> {
try { Thread.sleep(800);: } catch (InterruptedException ignored) {}

return new User(1l, name);

F);

nrivate static CompletableFuture<List<Order>> getOrders(int userId) {

}.

return CompletableFuture.supplyAsync(() -> {
try 1 Thread.sleep(1000); } catch (InterruptedException ignored) 4}
if (userId == 1) throw new RuntimeException("BOOM");
return Arrays.aslList(new Order(101, userId, "Book"),
new Order(102, userId, "Laptop")):
});

static void main(String[] args) throws ExecutionException, InterruptedException A

}.

CompletableFuture<User> userFuture = getUserByName(args[0]):

CompletableFuture<List<0rder>> ordersFuture = userFuture.thenCompose(
user -> getOrders(user.id));

I0.println("Orders for user: " + ordersFuture.get());
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Exception 1n thread "main" java.util.concurrent.ExecutionException:
java.lang.RuntimeException: BOOM
at ...
at AsyncExample.main(AsyncExample.java:35)
Caused by: java.lang.RuntimeException: BOOM
at AsyncExample.lambda$getOrders$0(AsyncExample.java:24)
at CompletableFuture$AsyncSupply.run$$$capture(CompletableFuture.java:1789)
at CompletableFuture$AsyncSupply.run(CompletableFuture.java)

at --- Async.Stack.Trace --- (captured by IntelliJ IDEA debugger)
at CompletableFuture$AsyncSupply.<init>(CompletableFuture.java:1775)
at

at AsyncExample.getOrders(AsyncExample.java:21)
at AsyncExample.lambda$main$0(AsyncExample.java:34)
at CompletableFuture$UniCompose.tryFire(CompletableFuture.java:1171)

at ...

at CompletableFuture$AsyncSupply.run(CompletableFuture.java)

at --- Async.Stack.Trace --- (captured by IntelliJ IDEA debugger)
at AsyncSupply.<init>(CompletableFuture.java:1775)

at

at AsyncExample.getUserByName(AsyncExample.java:13)
at AsyncExample.main(AsyncExample.java:33)
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12>
13>
15>
16>
17>
18>
19>
20>
21>
23>
24>
25>
27>
A
30>
31>
32>
33>
34>

35>
36>

nrivate static CompletableFuture<User> getUserByName(String name) {

}.

return CompletableFuture.supplyAsync(() -> {
try { Thread.sleep(800);: } catch (InterruptedException ignored) {}

return new User(1l, name);

F);

nrivate static CompletableFuture<List<Order>> getOrders(int userId) {

}.

return CompletableFuture.supplyAsync(() -> {
try { Thread.sleep(1000); } catch (InterruptedException ignored) 4}
if (userId == 1) throw new RuntimeException("BOOM");
return Arrays.aslList(new Order(101, userId, "Book"),
new Order(102, userId, "Laptop")):
H);

static void main(String[] args) throws ExecutionException, InterruptedException A

}.

CompletableFuture<User> userFuture = getUserByName(args[0]);

CompletableFuture<List<0rder>> ordersFuture = userFuture.thenCompose(
user -> getOrders(user.id));

I0.println("Orders for user: " + ordersFuture.get());
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@ AsyncExample.java ~

11 public class AsyncExample {
private static CompletableFuture<List<Order>> getOrders(int userId) { 1usage

return CompletableFuture.supplyAsync(() -> {
System.ovt.printunyuraerservice. rvewcning oraers rvor user T -+ -useria),

'3 try { Thread.sleep( milis: 1000); } catch (InterruptedException ignored) {}
& - if (userld == ) throw new RuntimeException("BOOM"); wuserld: 1

return Arrays.asList(

new Order( id: 101, -userId, - item: "Book"),

~ . - REN - - e e "N

Debug & java-debugging [:app:com.github.alextokarew.javadebugging....

G 0 © ID AN YT O D Threads & Variables ~ Console

v "ForkJoinPool.commonPool-worker-2"@985 in group "InnocuousForkJoinWorkerThreadGroup": RUNNING

< lambda$getOrders$0:24:22, AsyncExample (com.github.alextokarew.javadebugging.multithreaded)

get:-1:4, AsyncExample$$Lambda/0x00000100010428a0 (com.github.alextokarew.javadebugging.multithreaded)
run$$$capture:1789:37, CompletableFuture$AsyncSupply (java.util.concurrent)
run:-1:5, CompletableFuture$AsyncSupply (java.util.concurrent)

Async stack trace
<init>:1775, CompletableFuture$AsyncSupply (java.util.concurrent)
asyncSupplyStage:1803, CompletableFuture (java.util.concurrent)
supplyAsync:2010, CompletableFuture (java.util.concurrent)
getOrders:21, AsyncExample (com.github.alextokarew.javadebugging.multithreaded)
lambda$main$0:34, AsyncExample (com.github.alextokarew.javadebugging.multithreaded)
tryFire:1171, CompletableFuture$UniCompose (java.util.concurrent)
postComplete:531, CompletableFuture (java.util.concurrent)
run$$$capture:1794, CompletableFuture$AsyncSupply (java.util.concurrent)
run:-1, CompletableFuture$AsyncSupply (java.util.concurrent)

Async stack trace
<init>:1775, CompletableFuture$AsyncSupply (java.util.concurrent)
asyncSupplyStage:1803, CompletableFuture (java.util.concurrent)
supplyAsync:2010, CompletableFuture (java.util.concurrent)
getUserByName:13, AsyncExample (com.github.alextokarew.javadebugging.multithreaded)
main:33, AsyncExample (com.github.alextokarew.javadebugging.multithreaded)

vuserld: 1

Evalvate expression (&) or add a watch (f2)

(®) userld = 1



Async Stack Traces B Intellij IDEA

O O Settings

(- Async stack traces Build, Execution, Deployment > Debugger > Async Stack Traces

Keymap Instrumenting agent (requires debugger restart) Configure Annotations...

Editor
Breakpoints based:

™ =

Capture class ... Capture meth... Capture key e... Insertclassna... Insert method... Insert key exp...

Inspections
Build, Execution, Deployment
Debugger

Async Stack Traces




Async Stack Traces

[lo ymon4yaHuto ymeeT paboTaTthb

c Java Concurrency APl n Swing
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Async Stack Traces

[lo ymonyaHuto ymeeTt paboTtaTthb
c Java Concurrency APl n Swing

[1pu 3anycke oTnaxmBaemMmoro

npouecca IDEA pobaBnsier
Javaagent

KoTopbin gobaBnsaeT oTrnago4yHyo MHopMaLnto
Ha 3Tane 3arpy3Kn KriaccoB

> java ... -Jjavaagent:debugger-
agent.jar=...
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Async Stack Traces

[lo ymonyaHuto ymeeTt paboTtaTthb
c Java Concurrency APl n Swing

[1pu 3anycke oTnaxmBaemMmoro
npouecca IDEA pobaBnsier
Javaagent

KoTopbin gobaBnsaeT oTrnago4yHyo MHopMaLnto
Ha 3Tane 3arpy3Kn KriaccoB

> java ... -Jjavaagent:debugger-
agent.jar=...

TakXxe no3BonseT yKkasaTb
NPOU3BOJIbHbLIE TOYKU 3anyCKa
N BbINONMHEHUA aCUHXPOHHbIX
3apjaJ Yepe3 aHHOTaLUN

> org.jetbrains.annotations.@Async.

Schedule

n OAsync.Execute

B IDEA ecTb BO3MOXHOCTb
nepeonpeaennTb 3T aHHOTaLUMK

R
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[lebarruHr MHOronoTo4YKU: BbIBOAbI
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[lebarruHr MHOronoTo4YKU: BbIBOAbI

[lebarrep — He cambii
noaxogaaLmm NHCTPYMEHT
Ons noucka npobnem B
MHOMOMOTO4YHOM Kofe
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[lebarruHr MHOronoTo4YKU: BbIBOAbI

[lebarrep — He cambii MHcTpymeHTbl gebarrmHra ns JDI
noaxogaaLmm NHCTPYMEHT n IDEA B page cny4yaeB MOryT
Onga novcka npoornem B ObITb NONE3Hbl AN
MHOIFONOTOYHOM Koae BOCMNpoun3BeaeHnsa npoobnem,

Bbl3BAHHbIX MHOITOIMNOTOYHOCTDbIO.
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OTnaaka nHterpauunm
yepe3 FFM API



Joker<?>

FFM API — Hiyero
obLlero c paguo W -

Jlncnukas

AHpekc




OCHOBHbLIE OCOOEHHOCTHU

OpHoBpeMeHHasn padbota ¢ otnagymkamu JVM n HaTuBHOro koga
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OCHOBHbLIE OCOOEHHOCTHU

OpHoBpeMeHHasn padbota ¢ otnagymkamu JVM n HaTuBHOro koga

HaTuBHbLIN KOA AOMKeH ObITb CKOMNUUPOBaH
C OTNago4vYHOU MH(opmaumnen

[1ns gcc obsizatenbHO ncnonb3oBaTh donar -g Ans BKIAYEHUA OTNag04HON
nHdopmauum n -O0, YTobbI OTKIOYUTE ONTUMMNIALIUN

<[>

231



[lpuMmep oTnagkum ¢ UCnonb30oBaHUEM
FFM API

1> <iostream>

2> "fibffm.h"

3>

4> fibonacci( n) {

5> prev = 0, result = 1;

6> ( i=1: 1 < n; i++) {
7> old_result = result;
8> result = result + prev;
9> prev = old_result;

10> }

11> std::cout << "Finish ffm fibonaccl" << std::endl;
12> result;
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[lpuMmep oTnagkum ¢ UCnonb30oBaHUEM
FFM API

8> (Arena arena = Arena.ofConfined()) {

9> sl = SymbolLookup.libraryLookup(".../libcpp-fib.so", arena);
10>  MemorySegment memSeg = sl.find("fibonacci").orElseThrow();

11> Linker linker = Linker.nativelinker();

12>

13> desc = FunctionDescriptor.of(ValueLayout.JAVA_INT,

14> ValuelLayout.JAVA_INT);

15>

16> MethodHandle fibonacci = linker.downcallHandle(memSeg, desc);
17> result = fibonacci.invoke(12):

18>  IO0.println("Result: " + result);
19> }
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[lpumep oTnagkum ¢ UCNonb30oBaHUEM
FFM API
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[lpumep oTnagkum ¢ UCNonb30oBaHUEM
FFM API

> java ... -agentlib:jdwp=...
server=y,suspend=y,address=5005 com...F1ibFFM
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[lpumep oTnagkum ¢ UCNonb30oBaHUEM
FFM API

</> 3anyck JVM-npouecca ¢ JDWP-areHToMm:

> java ... -agentlib:jdwp=...
server=y,suspend=y,address=5005 com...F1ibFFM

</> [logkntovyeHne HaTUBHOro otnagyvuka K npoueccy JVM:
> gdb -p <JVM_Process_PID>
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[lpumep oTnagkum ¢ UCNonb30oBaHUEM
FFM API

</> 3anyck JVM-npouecca ¢ JDWP-areHToMm:

> java ... -agentlib:jdwp=...
server=y,suspend=y,address=5005 com...F1ibFFM

</> [logkntovyeHne HaTUBHOro otnagyvuka K npoueccy JVM:
> gdb -p <JVM_Process_PID>

</> [logkntoyeHne JPDA-otnagymka kK JVM:
> jdb -attach 5005

AT



[lpumep oTnagkum ¢ UCNonb30oBaHUEM
FFM API
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[lpumep oTnagkum ¢ UCNonb30oBaHUEM
FFM API

JDB GDB

1> break fibonaccil
Function "fibonacci" not defined. Make
breakpoint pending ... (y or [n])?
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[lpumep oTnagkum ¢ UCNonb30oBaHUEM
FFM API

JDB GDB

1> break fibonacci

Function "fibonacci" not defined. Make
breakpoint pending ... (y or [n])?

2> contlnue
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[lpumep oTnagkum ¢ UCNonb30oBaHUEM
FFM API

JDB GDB

3> stop 1n FibFFM:18 1> break filbonacc1l
Function "fibonacci" not defined. Make
breakpoint pending ... (y or [n])?

2> continue
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[lpuMmep oTnagkum ¢ UCnonb30oBaHUEM
FFM API

8> (Arena arena = Arena.ofConfined()) {

9> sl = SymbolLookup.libraryLookup(".../libcpp-fib.so", arena);
10>  MemorySegment memSeg = sl.find("fibonacci").orElseThrow();

11> Linker linker = Linker.nativelinker();

12>

13> desc = FunctionDescriptor.of(ValueLayout.JAVA_INT,

14> ValuelLayout.JAVA_INT);

15>

16> MethodHandle fibonacci = linker.downcallHandle(memSeg, desc);
17> result = fibonacci.invoke(12):

18>  I0.println("Result: " + result);
19> }
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[lpumep oTnagkum ¢ UCNonb30oBaHUEM
FFM API

JDB GDB

3> stop 1n FibFFM:18 1> break filbonacc1l

4> run Function "fibonacci" not defined. Make
breakpoint pending ... (y or [n])?

2> contilnue
Thread 2 "java" hit Breakpoint 1
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[lpumep oTnagkum ¢ UCNonb30oBaHUEM
FFM API

JDB GDB

3> stop 1n FibFFM:18 1> break filbonacc1l

4> run Function "fibonacci" not defined. Make
breakpoint pending ... (y or [n])?

2> contilnue
Thread 2 "java" hit Breakpoint 1

9> break +3
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[lpuMmep oTnagkum ¢ UCnonb30oBaHUEM
FFM API

1> #include <iostream>
2> #include "fibffm.h"

3>

4> int fibonacci(int n) A{

5> int prev = 0, result = 1;

6> for (int i = 1: i < n; i++) {

7> int old_result = result;

8> result = result + prev;

9> prev = old_result;

10> +

11> std::cout << "Finish ffm fibonaccl" << std::endl;
12> return result;
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[lpumep oTnagkum ¢ UCNonb30oBaHUEM
FFM API

JDB GDB

3> stop 1n FibFFM:18 1> break filbonacc1l

4> run Function "fibonacci" not defined. Make
breakpoint pending ... (y or [n])?

2> contilnue

Thread 2 "java" hit Breakpoint 1
5> preak +3

6> continue (x3)

Thread 2 "java" hit Breakpoint 2
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[lpumep oTnagkum ¢ UCNonb30oBaHUEM
FFM API

JDB GDB

3> stop 1n FibFFM:18 1> break filbonacc1l

4> run Function "fibonacci" not defined. Make
breakpoint pending ... (y or [n])?

2> continue

Thread 2 "java" hit Breakpoint 1
5> preak +3

6> continue (x3)

Thread 2 "java" hit Breakpoint 2
7> 1nfo locals

old_result = 2
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[lpumep oTnagkum ¢ UCNonb30oBaHUEM
FFM API

JDB GDB

3> stop 1n FibFFM:18 1> break filbonacc1l

4> run Function "fibonacci" not defined. Make
breakpoint pending ... (y or [n])?

2> continue

Thread 2 "java" hit Breakpoint 1
5> preak +3

6> continue (x3)

Thread 2 "java" hit Breakpoint 2
7> 1nfo locals

old_result = 2

8> set old_result=123
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[lpumep oTnagkum ¢ UCNonb30oBaHUEM
FFM API

JDB GDB

3> stop 1n FibFFM:18 1> break filbonacc1l

4> run Function "fibonacci" not defined. Make
breakpoint pending ... (y or [n])?

2> continue

Thread 2 "java" hit Breakpoint 1
9> break +3

6> continue (x3)

Thread 2 "java" hit Breakpoint 2
7> 1nfo locals

old_result = 2

8> set old_result=123

9> del
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[lpumep oTnagkum ¢ UCNonb30oBaHUEM
FFM API

JDB GDB

3> stop 1n FibFFM:18 1> break fibonacc1

4> run Function "fibonacci" not defined. Make
Breakpoint hit: "thread=main" ... breakpoint pending ... (y or [n])?

2> contlnue

Thread 2 "java" hit Breakpoilnt 1
9> break +3

6> continue (x3)

Thread 2 "java" hit Breakpolnt 2
7> 1nfo locals

old_result = 2

8> set old_result=123

9> del

10> contilnue
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[lpumep oTnagkum ¢ UCNonb30oBaHUEM
FFM API

JDB GDB
3> stop 1n FibFFM:18 1> break fibonacc1
4> run Function "fibonacci" not defined. Make
Breakpoint hit: "thread=main" ... breakpoint pending ... (y or [n])?
11> print result 2> continue
result = "2685" Thread 2 "java" hit Breakpoilnt 1
5> break +3

6> continue (x3)

Thread 2 "java" hit Breakpolnt 2
7> 1nfo locals

old_result = 2

8> set old_result=123

9> del

10> continue
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[lpumep oTnagkum ¢ UCNonb30oBaHUEM
FFM API

JDB GDB

3> stop 1n FibFFM:18 1> break fibonacc1

4> run Function "fibonacci" not defined. Make
Breakpoint hit: "thread=main" ... breakpoint pending ... (y or [n])?

11> print result 2> continue

result = "2685" Thread 2 "java" hit Breakpoilnt 1

12> cont 5> break +3

6> continue (x3)

Thread 2 "java" hit Breakpolnt 2
7> 1nfo locals

old_result = 2

8> set old_result=123

9> del

10> continue
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OTnagka npu ncnonb3oBaHUU
FFM API

253



OTnagka npu ncnonb3oBaHUU
FFM API

[1pn ncnonb3osaHnm FFM API
HaTUBHbIE DNONNOTEKN
OVNHaAMWUYECKN NMUHKYIOTCH

K Java-npotueccy, noaTtomy gdb
HY>XHO NogKnto4aTb K HEMY
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OTnagka npu ncnonb3oBaHUU
FFM API

[1pn ncnonbsdosaHun FFM API [loaxon Takke NpUMeHUM Ong
HaTUBHbIE DUDNNOTEKN otnaaku JNI

OVNHaAMWUYECKN NMUHKYIOTCH

K Java-npotueccy, noaTtomy gdb

HY>XHO NOAKMoYaTh K HEMY
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OTnagka
3a npeaenamu JPDA




B Intellij IDEA

Async stacktraces
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B Intellij IDEA

Async stacktraces
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B Intellij IDEA

Async stacktraces

Java Stream Debugging
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Java Stream debugging

// Prime numbers from 5 to 14

skip = 5;
limit = 10;

IntStream.iterate(0, n -> n + 1)
.skip(skip)
imit(limit)
.filter(StreamChain: :isPrime)
.forEach(System.out: :println);
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Java Stream debugging

// Prime numbers from 5 to 14

skip = 5;
limit = 10;

IntStream.iterate(0, n -> n + 1)
.skip(skip)
imit(limit)
.filter(StreamChain: :isPrime)
.forEach(System.out: :println);
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Java Stream debugging

filter

O O O O
O

O O O QW

O O

1
0
1
0
1
0
1
0

[ {
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O
O QO
O O QO

Qo

O w O O w -l O w
O O O O O

Split Mode

262



Java Stream debugging

hreaded

app:com.github.alextokarew.javadebugging.s...

T O Y Threads & Variables  oConst

RUNNING 4 Force Step Over
- U Force Step Into
com.qgithub.al |

9 : osmart Step Into

Step Out of Code Block

Run to Cursor

v Force Run to Cursor
Show Execution Point

Evaluate Expression...

Get Thread Dump

lrace Current Stream Chain
Force Return

I'hrow Exception

IDE with 3¢+ a Debugger Settings

% .
Omain > jav Modify Run Configuration...

Stream Trace

limit

filter




Java Stream debugging:
orpaHU4veHus
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Java Stream debugging:
orpaHU4veHus

PaboTaeT Tonbko
Onga ganos
N3 aKTUBHOIO NPOeKTa
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Java Stream debugging:

orpaHM4YeHus
PaboTaeT ToMbKO C bubnuorekamm u
anga doannos OEKOMMNUIMPOBAHHbLIM
N3 aKTUBHOIO MPOEKTa KogoM — He paboTtaeTt
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Java Stream debugging:

orpaHU4YeHus

PaboTaeT Tonbko
Onga ganos
N3 aKTUBHOIO NPOeKTa

C ounbnnotekamm v
O0EKOMMNUNPOBAHHBLIM
KogoM — He paboTtaeTt

He paboTaert

Cc oObeanMHeHnem
npenBapuUTErbHO
00paboTaHHbIX
CTPUMOB

267



BoT Tak — He paboTaeT

List<String> fruits = List.of("apple", "Banana", "cherry", "date");
List<String> berries = List.of(" blueberry", "Raspberry ", " strawberry",
"gooseberry", "apple");

Stream<String> processedFruits = fruits.stream()
.map(String: :toLowerCase)
.filter(s -> s.length() >= 5)
.map(s -> "fruit_" + s);
Stream<String> processedBerries = berries.stream()
.map(s -> s.strip())
.filter(s -> s.contains("berry"))
.map(s -> s + "_berry"):

Map<Integer, List<String>> result = Stream.concat(processedFruits, processedBerries)
.distinct()
.sorted()
.collect(groupingBy(String: :1length,
toList()));
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BbiBOAbLI

OTtnagka n gebarrmHr —
3TO Lenoe HanpasneHue
Software Engineering,
019 KOTOPOro gaxe OBYyX
OOKI1agoB Marso
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BbiBOAbLI

OTtnagka n gebarrmHr —
3TO Lenoe HanpasneHue
Software Engineering,
019 KOTOPOro gaxe OBYyX
OOKI1agoB Marso

JDB — ¢ Bmay npocton,
HO JOCTATOYHO MOLUHbIN
MHCTPYMEHT OTNnaakKu,
NnpeaocTaBNALLINN
LLUMPOKNIN CNEKTP
BO3MOXXHOCTEN

nna gedarrmHra
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BbiBOAbLI

OTtnagka n gebarrmHr —
3TO Lenoe HanpasneHue
Software Engineering,
019 KOTOPOro gaxe OBYyX
OOKI1agoB Marso

JDB — ¢ Bmay npocton,
HO JOCTATOYHO MOLUHbIN
MHCTPYMEHT OTNnaakKu,
NnpeaocTaBNALLINN
LLUMPOKNIN CNEKTP
BO3MOXXHOCTEN

nna gedarrmHra

KombuHunpymnte gedarrmHr
C ApyrMmMmn MeTogamMu
OTNaaKn AnNs rnoslyyYyeHus
bornee NosIHoOM KapTUHbI

272



Ccbinkm

https://github.com/alextokarew/java- Java Platform Debug Architecture Java Troubleshooting Guide
debugging (JPDA) k
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