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Leetcode: Two Sum

BepHyTb nHAEKCHI ABYX 9NeMeHTOB B MaccMBe num,
Aawwmx B cymme target:

int[] twoSum(int[] nums, int target) {




Leetcode: Two Sum
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int[] twoSum(int[] nums, int target) {
// nums == [3, 2, 4]
// target ==




Leetcode: Two Sum

BepHyTb nHAEKCHI ABYX 9NeMeHTOB B MaccMBe num,
Aawwmx B cymme target:

int[] twoSum(int[] nums, int target) {
// nums == [3, 2, 4]
// target ==

// partA + partB
// nums[1] + nums[2]




Leetcode: Two Sum

BepHyTb nHAEKCHI ABYX 9NeMeHTOB B MaccMBe num,
Aawwmx B cymme target:

int[] twoSum(int[] nums, int target) {
// nums == [3, 2, 4]
// target =g

// partA + partB
// nums[1] + nums[2]




Leetcode: Two Sum

BepHyTb nHAEKCHI ABYX 9NeMeHTOB B MaccMBe num,
Aawwmx B cymme target:

int[] twoSum(int[] nums, int target) {
// nums == [3, 2, 4]
// target ==

// partA + partB
// nums[1] + nums[2]

return new int[] {1,




Leetcode: Two Sum

BepHyTb nHAEKCHI ABYX 9NeMeHTOB B MaccMBe num,
Aawwmx B cymme target:

int[] twoSum(int[] nums, int target) {
// nums == [3, 2, 4]
// target ==

// partA + partB
// nums[1] + nums[2]

return new int[] {1,




Leetcode: Two Sum

BepHyTb nHAEKCHI ABYX 9NeMeHTOB B MaccMBe num,
Aawwmx B cymme target:

int[] twoSum(int[] nums, int target) {
for (int iA = 0; iA < nums.length; iA++) {
int partA = nums[iA];
for (int iB = iA + 1; iB < nums.length; iB++) {
int partB = nums[iB];
if (partA + partB == target) {

return new int[] {iA, iB};

return null;




Leetcode: Two Sum

BepHyTb nHAEKCHI ABYX 9NeMeHTOB B MaccMBe num,
Aarnwmx B cymme target:

for (int iA = 0; iA < nums.length; iA++)
int partA = nums[iA];

¢10



Leetcode: Two Sum

BepHyTb nHAEKCHI ABYX 9NeMeHTOB B MaccMBe num,
Aarnwmx B cymme target:

for (int iB = iA + 1; iB < nums.length; iB++)

int partB = nums[iB];
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Leetcode: Two Sum

BepHyTb nHAEKCHI ABYX 9NeMeHTOB B MaccMBe num,
Aarnwmx B cymme target:

if (partA + partB == target) {

return new int[] {iA, iB};

¢12



Leetcode: Two Sum

BepHyTb nHAEKCHI ABYX 9NeMeHTOB B MaccMBe num,
Aawwmx B cymme target:

int[] twoSum(int[] nums, int target) {
for (int iA = 0; iA < nums.length; iA++) {
int partA = nums[iA];
for (int iB = iA + 1; iB < nums.length; iB++) {
int partB = nums[iB];
if (partA + partB == target) {

return new int[] {iA, iB};

return null;
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Leetcode: Two Sum

BepHyTb MHOEKCHI ABYX 3NeMeHTOB B Maccmee num, ‘ Mﬂ““"ﬂWHE‘—“vTo“
Ll 1 *

Aarnwmx B cymme target:

&

for (int iB = iA + 1; iB < nums.length; iB++)
int partB = nums[iB];
if (partA + partB == target) {

return new int[] {iA, iB};

}
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Leetcode: Two Sum

BepHyTb nHAEKCHI ABYX 9NeMeHTOB B MaccMBe num,
Aarnwmx B cymme target:

int partB = target - partA;
int iB = //index of partB;

return new int[] {iA, iB};

7 15



Leetcode: Two Sum

BepHyTb nHAEKCHI ABYX 9NeMeHTOB B MaccMBe num,
Aarnwmx B cymme target:

Map<Integer, Integer> numToIndex = new HashMap<>();

int partB = target - partA;
Integer iB = numToIndex.get(partB);
if (iB !'= null) {

return new int[] {iA, iB};

}

716



Leetcode: Two Sum

BepHyTb nHAEKCHI ABYX 9NeMeHTOB B MaccMBe num,
Aarnwmx B cymme target:

for (int i = 0; i < nums.length; i++) {

numToIndex.put(nums[i], i);

}

T 17



Leetcode: Two Sum

BepHyTb nHAEKCHI ABYX 9NeMeHTOB B MaccMBe num,
Aawwmx B cymme target:

Map<Integer, Integer> numToIndex = new HashMap<>();
int[] twoSum(int[] nums, int target) {
for (int i = 0; i < nums.length; i++) {
numToIndex.put(nums[i], i);
}
for (int iA = 0; iA < nums.length; iA++) {
int partA = nums[iA];
int partB = target - partA;

Integer iB = numToIndex.get(partB);
if (iB '= null) {
return new int[] {iA, iB};

}

return null;
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Leetcode: Two Sum | To——

cnuwb?

BepHyTb nHAEKCHI ABYX 9NeMeHTOB B MaccMBe num,
Aarnwmx B cymme target:

Map<Integer, Integer> numToIndex = new HashMap<>();
int[] twoSum(int[] nums, int target) {
for (int i = 0; i < nums.length; i++) {
numToIndex.put(nums[i], i);
}
for (int iA = 0; iA < nums.length; iA++) {
int partA = nums[iA];
int partB = target - partA;

Integer iB = numToIndex.get(partB);
if (iB '= null) {
return new int[] {iA, iB};

}

return null;
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Leetcode: Two Sum

BepHyTb nHAEKCHI ABYX 9NeMeHTOB B MaccMBe num,
Aawwmx B cymme target:

Map<Integer, Integer> numToIndex = new HashMap<>();
int[] twoSum(int[] nums, int target) {
for (int 1 = 0; i < nums.length; i++) {
numToIndex.put(nums[i], i); 1 :2
J

}
for (int iA = 0; iA < nums.length; iA++) {
int partA = nums[iA];
int partB = target - partA;

Integer iB = numToIndex.get(partB);
if (iB '= null) {
return new int[] {iA, iB};

}

return null;
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Leetcode: Two Sum

BepHyTb nHAEKCHI ABYX 9NeMeHTOB B MaccMBe num,
Aawwmx B cymme target:

Map<Integer, Integer> numToIndex = new HashMap<>();
int[] twoSum(int[] nums, int target) {
for (int 1 = 0; i < nums.length; i++) {

numToIndex.put(nums[i], i);
}

for (int iA = 0; iA < nums.length; iA++) {
int partA = nums[iA];
int partB = target - partA;

Integer iB = numToIndex.get(partB);
if (iB '= null) {
return new int[] {iA, iB};

}

return null;
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Leetcode: Two Sum

BepHyTb nHAEKCHI ABYX 9NeMeHTOB B MaccMBe num,
Aawwmx B cymme target:

Map<Integer, Integer> numToIndex = new HashMap<>();
int[] twoSum(int[] nums, int target) {
for (int 1 = 0; i < nums.length; i++) {
numToIndex.put(nums[i], 1i);

}
for (int iA = 0; iA < nums.length; iA++) {
int partA = nums[iA];

for (int iA = 0; iA < nums.length; iA++) {

int partA = nums[iA]; nums:
int partB = target - partA;
Integer iB =

if (iB '= nulEKEE®) { iB: 0

return new int[] {iA, iB};




Leetcode: Two Sum

BepHyTb nHAEKCHI ABYX 9NeMeHTOB B MaccMBe num,
Aarnwmx B cymme target:

Map<Integer, Integer> numToIndex = new HashMap<>();

int[] twoSum(int[] nums, int target) {

for (int i = 0; i < nums.length; i++) {
numToIndex.put(nums[i], i);

}

for (int iA = 0; iA < nums.length; iA++) {
int partA = nums[iA];
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Leetcode: Two Sum

BepHyTb nHAEKCHI ABYX 9NeMeHTOB B MaccMBe num,
Aawwmx B cymme target:

Map<Integer, Integer> numToIndex = new HashMap<>();
int[] twoSum(int[] nums, int target) {
for (int i = 0; i < nums.length; i++) {
numToIndex.put(nums[i], 1i);
}
for (int iA = 0; iA < nums.length; iA++) {
int partA = nums[iA];
int partB = target - partA;

Integer iB = numToIndex.get(partB);
if (iB !'= null && iA I= iB) {
return new int[] {iA, iB};

}

return null;




MopkniounTtbea aebarepom K NnpoaakLleHy?
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MopkniounTtbea aebarepom K NnpoaakLleHy?

e Top4yuT OTKPbLITLIN NOPT
e [lencTtBua “oTnaxmsaroLlero”’ He aygmpyembl

TOBOPHILb MAJNIEHbKAA
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MopkniounTtbea aebarepom K NnpoaakLleHy?

e Top4yuT OTKPbLITLIN NOPT
e [lencTtBua “oTnaxmsaroLlero”’ He aygmpyembl

TOBOPHLLD MANEHbKAA TOBOPHLLD MANEHbKAA

¥y || By

e g

AbiPA B BE3ONACHOCTH  AbIPAB BE3ONACHOCTH
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MopkniounTtbea aebarepom K NnpoaakLleHy?

e TOpYUT OTKPLITbIN NOPT
e [lencTtBua “oTnaxmsaroLlero”’ He aygmpyembl
e HeBO3MOXHO 3anNpeTnTb OCTaHaBNMBaTb MOTOKM

b
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MopkniounTtbea aebarepom K NnpoaakLleHy?

TopYnT OTKPbLITBIN MNOPT

HdencTteua “otnaxmnsaroLlero” He aygmpyembol
HeB0O3MOXXHO 3anpeTnTb OCTaHaBNMBaATb NOTOKM
MO>XHO YNOXWUTb NPOAAKLUH ABMXEHNEM NanbLua
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MopkniounTtbea aebarepom K NnpoaakLleHy?

TopYUT OTKPbITLIA NOPT

HdencTteua “otnaxmnsaroLlero” He aygmpyembol

HeBO3MOXHO 3anpeTnTb OCTaHaBNMBaTb NOTOKM

MOXHO yNoOXuUTb NPOSaKLIH ABMKEHNEM NarbLa

MOXHO (3noHaMepPEHHO UK CIly4anHo) MoandULMPOBaTL COCTOAHNE

7



[lobaBum norun?

Map<Integer, Integer> numToIndex = new HashMap<>();
int[] twoSum(int[] nums, int target) {
for (int i = 0; i < nums.length; i++) {
numToIndex.put(nums[i], 1i);
}
for (int iA = 0; iA < nums.length; iA++) {
int partA = nums[iA];
int partB = target - partA;

Integer iB = numToIndex.get(partB);
if (iB != null) {
return new int[] {iA, iB};

}

return null;
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[Nob6aBum norun?

Map<Integer, Integer> numToIndex = new HashMap<>();
int[] twoSum(int[] nums, int target) {
for (int i = 0; i < nums.length; i++) {
numToIndex.put(nums[i], 1i);
}
for (int iA = 0; iA < nums.length; iA++) {
int partA = nums[iA];
int partB = target - partA;

Integer iB = numToIndex.get(partB);
if (iB != null) {
return new int[] {iA, iB};

}

return null;

Map<Integer, Integer> numToIndex = new HashMap<>();
int[] twoSum(int[] nums, int target) {
for (int i = 0; i < nums.length; i++) {

numToIndex.put(nums[i], 1i);

(int iA = 0; iA < nums.length; iA++) {
int partA = nums[iA];
int partB target - partA;
Integer iB = numToIndex.get(partB);
log(iA, partA, iB, partB, target);
if (iB != null) {

return new int[] {iA, iB};

}

return null;



A Kak no6aBuTb norn?

e [lepenoxmnTb NpoaakLLH
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e [lepenoxuTb NpoaaKLLH
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e [lepenoxuTb NpoaaKLLH
e HCR-?7?7?
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A Kak no6aBuTb norn?
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e [lepenoxmnTb NpoaakLLH
e HCR-???
o JVMTI-"?7?7?
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e [lonro
e OnacHo
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[Mepenoxuntb npopakwH? (

e [lonro
e OnacHo

OnacHo!
Bo3MOXHO naaeHune [Py<a.

PaboTaTb B 3aliMTHOMN
Kacke (newme)
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HCR



Noem B OTpbIB:
Hot Code Replacement



HCR: MeHsiem Kog Ha neTty

class Test { String hello() { return "hello"; } }

¢62



HCR: MeHsiem Kog Ha neTty

Test test = new Test();
System.out.println(test.hello());
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HCR: MeHsiem Kog Ha neTty

byte[] compiled = compile(Test.class.getName(),

"class Test { String hello() { return \"bye\"; } }"
I

v64



HCR: MeHsiem Kog Ha neTty

)
Agent.INSTRUMENTATION.redefineClasses(new ClassDefinition(Test.class, compiled));

7 65



HCR: MeHsiem Kog Ha neTty

System.out.println(test.hello());

¢66



HCR: MeHsiem Kog Ha neTty

class Test { String hello() { return "hello"; } }

public static void main(String[] args) throws UnmodifiableClassException, ClassNotFoundException {
Test test = new Test();
System.out.println(test.hello());

byte[] compiled = compile(Test.class.getName(),

"class Test { String hello() { return \"bye\"; } }"
)i
Agent.INSTRUMENTATION.redefineClasses(new ClassDefinition(Test.class, compiled));

System.out.println(test.hello());




HCR: MeHsiem Kog Ha neTty

public class Agent {

public static Instrumentation INSTRUMENTATION;

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

Agent.INSTRUMENTATION = instrumentation;

r68



HCR: MeHsiem Kog Ha neTty

public class Agent {

public static Instrumentation INSTRUMENTATION;

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

Agent.INSTRUMENTATION = instrumentation;
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HCR: MeHsiem Kog Ha neTty

public class Agent {
public static Instrumentation INSTRUMENTATION;

public static void premain(String args, Instrumentation inst) {
Agent.INSTRUMENTATION = instrumentation;

MANIFEST.MF

Premain-Class: my.package.Agent

7 70



HCR: MeHsiem Kog Ha neTty

public class Agent {
public static Instrumentation INSTRUMENTATION;

public static void premain(String args, Instrumentation inst) {
Agent.INSTRUMENTATION = instrumentation;

MANIFEST.MF

java -javaagent:<path_to_agent_jar>

Premain-Class: my.package.Agent




HCR: MeHsieM Ko Ha neTy

e TopuuT OTKPLITLIN NOPT
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HCR: MeHsieM Ko Ha neTy

° OTKPbITbIV MOPT HE TOPUYUT
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HCR: MeHsieM Ko Ha neTy

° OTKPbITbIA MOPT HE TOPYUT
e [lencTtBua “oTnaxmsaroLlero”’ He aygmpyembl
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HCR: MeHsieM Ko Ha neTy

° OTKPbITbIA MOPT HE TOPYUT
e [lencTtBua “oTnaxmsaroLlero” +c-aygmpyemMbl
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HCR: MeHsieM Ko Ha neTy

° OTKPbITbIA MOPT HE TOPYUT
e [lencTtBua “oTnaxmsaroLlero” +c-aygmpyemMbl
e HeBO3MOXHO 3anpeTuTb OCTaHaBNMBaTb NOTOKM
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HCR: MeHsieM Ko Ha neTy

° OTKPbITbIA MOPT HE TOPYUT
e [lencTtBua “oTnaxmsaroLlero” +c-aygmpyemMbl
e HeBO3MOXHO OCTaHaBNMBaTb MOTOKU

?77



HCR: MeHsieM Ko Ha neTy

OTKPbITbIA MOPT HE TOPYUT
HencTteua “otnaxmnsarowero” +c-aygmpyemMbol
HeBo3moxxHO OCTaHaBNMBaTb NOTOKU
MO>XHO YNOXWUTb NPOAAKLUH ABMXEHNEM NanbLua

7 1



HCR: MeHsiem Kog Ha neTty

OTKPbITbIA MOPT HE TOPYUT
Hencteug “oTnaxusatrowero” +<-ayampyemsi
HeBo3MOXHO OCTaHaBnMBaTb NMOTOKU
MO>XHO yNnoXuTb NPOLAKLUH OBMXEHWEM nanbsua

class User {

String name
Group group

@0verride
public String toString() {
return "name: " + name + ", group: " + group;
}
}

7 19



HCR: MeHsiem Kog Ha neTty

OTKPbITbIA MOPT HE TOPYUT
Hencteug “oTnaxusatrowero” +<-ayampyemsi
HeBo3MOXHO OCTaHaBnMBaTb NMOTOKU
MO>XHO yNnoXuTb NPOLAKLUH OBMXEHWEM nanbsua

class User { class Group {

String name cee) String name = ...;
Group group cee) List<User> users = ...

@Override @Override

public String toString() { public String toString() {
return "name: " + name + ", group: " + group; return "name: " + name + ", users: " + users;
} }
} }

rSO



HCR: MeHsiem Kog Ha neTty

OTKPbITbIA MOPT HE TOPYUT
Hencteug “oTnaxusatrowero” +<-ayampyemsi
HeBo3MOXHO OCTaHaBnMBaTb NMOTOKU
MO>XHO yNnoXuTb NPOLAKLUH OBMXEHWEM nanbsua

class User { class Group {

String name cee) String name = ...;
Group group cee) List<User> users = ...

@0verride @0verride
public String toString() { public String toString() {
return "name: " + name + ", group: " + group; return "name: " + name + ", users: " + users;
} }
} }

log(user);




HCR: MeHsiem Kog Ha neTty

OTKPbITbIA MOPT HE TOPYUT
Hencteug “oTnaxusatrowero” +<-ayampyemsi
HeBo3MOXHO OCTaHaBnMBaTb NMOTOKU
MO>XHO yNnoXuTb NPOLAKLUH OBMXEHWEM nanbsua

class User { class Group {

String name cee) String name = ...;
Group group cee) List<User> users = ...

@0Override @0Override
public String toString() { hybli i ina() {
return "name: " + name + ", group: " + group; e +
}
}

", users: " + users;

log(user);




HCR: MeHsiem Kog Ha neTty

OTKPbITbIA MOPT HE TOPYUT
Hencteug “oTnaxusatrowero” +<-ayampyemsi
HeBo3MOXHO OCTaHaBnMBaTb NMOTOKU
MO>XHO yNnoXuTb NPOLAKLUH OBMXEHWEM nanbsua

class User { class Group {

String name cee) String name = ...;
Group group cee) List<User> users = ...

@0verride @0verride
public String toString() { i
return "name: " + name + ", group: " + group; ‘

}
}

if (user.group.name.equals(“Not Found")) {
log(user);




HCR: MeHsieM Ko Ha neTy

° OTKPbITbIA MOPT HE TOPYUT
e [lencTtBua “oTnaxmsaroLlero” +c-aygmpyemMbl
e HeBO3MOXHO OCTaHaBNMBaTb MOTOKU

MOXHO YNOXWUTb NPOAAKLLH ABMXXEHUEM narnbLa
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HCR: MeHsiem Kog Ha neTty

° OTKPbITbIA MOPT HE TOPYUT
e [lencTtBua “oTnaxmsaroLlero” +c-aygmpyemMbl
e HeBO3MOXHO OCTaHaBNMBaTb MOTOKU

MO>XHO YNoXuTb NPOLAKLLH ABMXEHNEM nansua
e MOXHO (3NOHaMepPEHHO UK Cy4YanHo) MoandMLMpPOBaTbL COCTOAHNE
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HCR: MeHsiem Kog Ha neTty

° OTKPbITbIN MOPT HE TOPUUT
e [lencTtBua “oTnaxmsaroLlero” +c-aygmpyemMbl
e HeBO3MOXHO OCTaHaBNMBaTb MOTOKU
MOXHO yNoOXuUTb NPOSaKLIH ABMKEHNEM NarbLa
e MoxHo crnyvanHo) MoauduumpoBaTb COCTOSHUE
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HCR: MeHsiem Kog Ha neTty

° OTKPbITbIN MOPT HE TOPYUT
e [lencTtBua “oTnaxmsaroLlero” +c-aygmpyemMbl
e HeBO3MOXHO OCTaHaBMMBaTb MOTOKM
MOXHO ynoXuUTb NPOoAaKLIH ABMKEHNEM NaribLa
e MoxHo Cny4yamHo) MOANULMPOBATbL COCTOAHNE

void saveUsers(List<User> users) {
// some work with users

users = filterUsers(users);

7 &7



HCR: MeHsiem Kog Ha neTty

° OTKPbITbIN MOPT HE TOPYUT
e [lencTtBua “oTnaxmsaroLlero” +c-aygmpyemMbl
e HeBO3MOXHO OCTaHaBMMBaTb MOTOKM
MOXHO ynoXuUTb NPOoAaKLIH ABMKEHNEM NaribLa
e MoxHo Cny4yamHo) MOANULMPOBATbL COCTOAHNE

void saveUsers(List<User> users) {
// some work with users
users = filterUsers(users);

if (...) log(filterUsers(users));
saveUsers(users);
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HCR: MeHsiem Kog Ha neTty

° OTKPbITbIN MOPT HE TOPYUT
e [lencTtBua “oTnaxmsaroLlero” +c-aygmpyemMbl
e HeBO3MOXHO OCTaHaBMMBaTb MOTOKM
MOXHO ynoXuUTb NPOoAaKLIH ABMKEHNEM NaribLa
e MoxHo Cny4yamHo) MOANULMPOBATbL COCTOAHNE

void saveUsers(List<User> users) {
// some work with users
users = filterUsers(users);

List<User> filterUsers(List<User> users) {
users.removelIf(...);
return users;

}

if (...) log(filterUsers(users));
saveUsers(users);




HCR: MeHsiem Kog Ha neTty

° OTKPbITbIN MOPT HE TOPYUT
e [lencTtBua “oTnaxmsaroLlero” +c-aygmpyemMbl
e HeBO3MOXHO OCTaHaBMMBaTb MOTOKM
MOXHO ynoXuUTb NPOoAaKLIH ABMKEHNEM NaribLa
e MoxHo Cny4yamHo) MOANULMPOBATbL COCTOAHNE

List<User> filterUsers(List<User> users) {
users.removelIf(...);

return users;

}
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HCR: MeHsiem Kog Ha neTty

° OTKPbITbIN MOPT HE TOPYUT
e [lenctBusa “oTnaxusaroLlero” ayanpyemsl
e HeBO3MOXHO oCTaHaBnMBaTb NOTOKMU
MOXHO yNoOXuUTb NPOSaKLIH ABMKEHNEM NarbLa
e MoxHo Cny4yamHo) MOANULMPOBATbL COCTOAHNE

List<User> filterUsers(List<User> users) {
users.removelIf(...);

return users;

5!‘ 91




HCR: MeHsiem Kog Ha neTty

° OTKPbITbIN MOPT HE TOPUUT
e [lencTtBua “oTnaxmsaroLlero” +c-aygmpyemMbl
e HeBO3MOXHO OCTaHaBNMBaTb MOTOKU
MOXHO yNoOXuUTb NPOSaKLIH ABMKEHNEM NarbLa
MoxkHo crnyvanHo) MoauduumpoBaTb COCTOSHUE

7



HCR: OrpaHn4yeHus

Henb3ga:
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HCR: OrpaHn4yeHus

Henb3s:
e [loGaBuTb/yganutb MeToq
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HCR: OrpaHn4yeHus

Henb3s:
e [loGaBuTb/yganutb MeToq
e VIamMeHUTb curHatypy metoaa
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HCR: OrpaHn4yeHus

Henb3s:
e [loGaBuTb/yganutb MeToq
e VIamMeHUTb curHatypy metoaa
e [loGaBuTb/yoannTb/M3MeHUTb none
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HCR: OrpaHn4yeHus

Henb3s:
e [loGaBuTb/yganutb MeToq
e VIamMeHUTb curHatypy metoaa
e [loGaBuTb/yoannTb/M3MeHUTb none
e /I3MeHnTb nepapxuio HacregoBaHusa
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HCR: OrpaHn4yeHus

Henb3s:
e [loGaBuTb/yganutb MeToq
e VIamMeHUTb curHatypy metoaa
e [loGaBuTb/yoannTb/M3MeHUTb none
e /I3MeHnTb nepapxuio HacregoBaHusa

Kopoue, MOXHO:
e |IamMeHuTb KOO MeToaa
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HCR: OrpaHn4yeHus

Henb3s:

e [loGaBuTb/yganutb MeToq
N3meHuTb curHatypy metoga
[Ho6aBnTb/ygannTb/U3MeHUTb none
N3meHnTb nepapxuto HacnegoBaHus

Kopoue, MOXHO:
e |IamMeHuTb KOO MeToaa
e [lobaBuTb HOBbIN KIlacc
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HCR: OrpaHn4yeHus

Henb3s:
e [loGaBuTb/yganutb MeToq
e VIamMeHUTb curHatypy metoaa
e [loGaBuTb/yoannTb/M3MeHUTb none
e /I3MeHnTb nepapxuio HacregoBaHusa

Kopoue, MOXHO:
e |IamMeHuTb KOO MeToaa
e [lobaBuTb HOBbIN KIlacc

JEP 159: Enhanced Class Redefinition:

MOXHO:

e [lob6aBnATb MeTOAbI
e [lo6aBnatb nons
e [lo6aBnaAtb MHTEpPdEnc

¢1 00



HCR: OrpaHn4yeHus

Henb3s:
e [loGaBuTb/yganutb MeToq
e VIamMeHUTb curHatypy metoaa
e [loGaBuTb/yoannTb/M3MeHUTb none
e /I3MeHnTb nepapxuio HacregoBaHusa

Kopoue, MOXHO:
e |IamMeHuTb KOO MeToaa
e [lobaBuTb HOBbIN KIlacc

Status: Withdrawn/Closed

?101



HCR: MeHsiem Kog Ha neTty

OTKPbITbIA MOPT HE TOPYUT
HencTteua “otnaxmnsarowero” +c-aygmpyemMbol

HeBo3MOXXHO OCTaHaBNMBaTb MOTOKU
MOXHO yNoOXuUTb NPOSaKLIH ABMKEHNEM NarbLa
MoxkHo crnyvanHo) MoauuumpoBaTb COCTOSHUE

6e3 nepeknagbiBaHUA
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HCR: MeHsiem Kog Ha neTty

OTKPbITbINA MOPT HE TOPYUT
HencTteua “otnaxmnsarowero” +c-aygmpyemMbol

HeBo3MOXXHO OCTaHaBNMBaTb MOTOKU
MOXHO yNoOXuUTb NPOSaKLIH ABMKEHNEM NarbLa
MoxkHo crnyvanHo) MoauduumpoBaTb COCTOSHUE

6e3 nepeknagbiBaHUA
6e3 0CTaHOBOK
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HCR: MeHsiem Kog Ha neTty

OTKPbITbINA MOPT HE TOPYUT
HencTteua “otnaxmnsarowero” +c-aygmpyemMbol

HeBo3MOXXHO OCTaHaBNMBaTb MOTOKU
MOXHO yNoOXuUTb NPOSaKLIH ABMKEHNEM NarbLa
MoxkHo crnyvanHo) MoauduumpoBaTb COCTOSHUE

6e3 nepeknagbiBaHUA
6e3 0CTaHOBOK
6e3 pucka

i¢1 04
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Noem B OTPbIB No-
HacTosLLeMYy:
JVM Tool Interface



JVMTI

JVM Tool Interface - “a way to inspect the state and to control the
execution of applications”

?1 07



JVMTI

JVMTI - cnocob Tporate nankamu kuwku JVM HaxunByto, MeHsS
KOHEYHOCTM MecTamMu [0e3 HapKo3a]

?1 08



JVMTI Hello World

JNIEXPORT jint JNICALL
Agent_OnLoad(JavaVM* vm, char* options, void* reserved)

7‘1 09



JVMTI Hello World

jvmtiEnv* jvmti;
vm->GetEnv((void**) &jvmti, JVMTI_VERSION_1_0);

v110



JVMTI Hello World

char* vm_name = NULL;

jvmti->GetSystemProperty("java.vm.name", &vm_name);
printf("JVM name = %s\n", vm_name);
fflush(stdout);

¢111



JVMTI Hello World

#include <jvmti.h>
#include <stdio.h>

JNIEXPORT jint JNICALL
Agent_OnLoad(JavaVM* vm, char* options, void* reserved)

{

jvmtiEnv* jvmti;
vm->GetEnv((void**) &jvmti, JVMTI_VERSION_1_0);

char* vm_name = NULL;
jvmti->GetSystemProperty("java.vm.name", &vm_name);
printf("JVM name = %s\n", vm_name);

fflush(stdout);

return 0;

public static void main(String[] args) {
System.out.println("Main method");

java -agentpath:<path_to_agent_lib>

> JVM name = OpenJDK 64-Bit Server VM
> Main method




JVMTI

JVM Tool Interface - “a way to inspect the state and to control the

execution of applications”

GetLoadedClasses
GetClassMethods
GetClassFields

IterateOverReachableObjects
IterateOverHeap
IterateOverInstancesOfClass

GetCurrentThread
GetAllThreads

GetLocalObject
GetLocallInt
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JVMTI

JVM Tool Interface - “a way to inspect the state and to control the

execution of applications”

GetLoadedClasses
GetClassMethods
GetClassFields

IterateOverReachableObjects
IterateOverHeap
IterateOverInstancesOfClass

GetCurrentThread
GetAllThreads

GetLocalObject
GetLocallInt

SetBreakpoint
SetFieldAccessWatch
SetFieldModificationWatch

SuspendThread
SuspendThreadList
ResumeThread
ResumeThreadList




JVMTI

JVM Tool Interface - “a way to inspect the state and to control the

execution of applications”

GetLoadedClasses
GetClassMethods
GetClassFields

IterateOverReachableObjects
IterateOverHeap
IterateOverInstancesOfClass

GetCurrentThread
GetAllThreads

GetLocalObject
GetLocallInt

SetBreakpoint
SetFieldAccessWatch
SetFieldModificationWatch

SuspendThread
SuspendThreadList
ResumeThread
ResumeThreadList

OkasbliBaetcs,
JDWP Ttoxe JVMTI Agent!




JUMTI Debugger



Intellij IDEA Debugger

for (int iA = 0; iA < nums.length; iA++) {
r ~ ¢ T

int partA = nums[iAl; nums: [3, 2, 4]
int partB = target - partA; ‘target:

Integer iB = numToIndex.get(partB);
if (iB !'= nulGEE) { iB: 0

return new int[] {iA, iB};

’EH7



Intellij IDEA Debugger

for (int iA = 0; iA < nums.length; iA++) { iA: 0
int partA = nums[iAl;  nums: [3, 2, 4] iA: O
int partB = target - partA; target: 6 partA:

Integer iB = numToIndex.get(partB); partB:
if (iB !'= nulGEE) { iB: 0

return new int[] {iA, iB};

&2 Suspend: © All Thread

Condition:

’EHS



Intellij IDEA Debugger

Enabled
Suspend: All

Condition:

Log: "Breakpoint hit" message Stack trace

Evaluate and log:

Remove once hit

Disable until hitting the following breakpoint:

<None>

Instance filters:

Class filters:

Pass count:

Caller filters:




Intellij IDEA Debugger

Suspend: All

Condition:

Log: Breakpoint hit" message Stack trace

Lvalualc aiiu 1uy.

Remove once hit

Disable until hitting the following breakpoint:

<None>

Instance filters:

Class filters:

Pass count:

Caller filters:




Intellij IDEA Debugger

Enabled
Suspend: All

Condition:

Log: “Breakpoint hit" message Stack trace

Evaluate and log:

Remove once hit

Disable until hitting the following breakpoint:

<None>

Instance filters:

Class filters:

Pass count:

Caller filters:




Intellij IDEA Debugger

Enabled
Sispend: (3 AN

Condition:

M Ciacl o traca

&4 Evaluate and log:

myObject.myMethod(ﬂ v

Disable until hitting the following breakpoint:

<None>

Instance filters:

Class filters:

Pass count:

Caller filters:




Intellij IDEA Debugger

Enabled
Suspend: All
Condition:

Log: K4 “Breakpoint hit" message g4 Stack trace

2 Evaluate and log:

myObject.myMethod()

Remove once hit

Disable until hitting the following breakpoint:

<None>

Instance filters:

Class filters:

Pass count:

Caller filters:




Intellij IDEA Debugger

L4 Enabled
Suspend:

2 Condition:
1 == 439

"Breakpoint hit" message 2 Stack trace

Evaluate and log:

myObject.myMethod()

Remove once hit

L/IDauIT Uil iy uic |O||0Wing breakpoint:

<None>

Instance filters:

Class filters:

Pass count:

Caller filters:




JVMTI Debugger

for (int iA = 0; iA < nums.length; iA++) { 1iA:

int partA = nums[iA]; nums: [3,

int partB = target - partA; kit
Integer iB = numToIndex.get(partB);
if (iB !'= nul () { iB: 0@

return new int[] {iA, iB};

SetBreakpoint
SetFieldAccessWatch
SetFieldModificationWatch

SuspendThread
SuspendThreadList
ResumeThread
ResumeThreadList

GetLocalObject
GetLocallInt




JVMTI Debugger

for (int iA = 0; iA < nums.length; iA++) { 1iA:

int partA = nums[iA];

int partB = target - partA;
Integer iB = numToIndex.get(partB)
if (iB !'= nul () { iB: 0@

return new int[] {iA, iB};

SetBreakpoint
SetFieldAccessWatch
SetFieldModificationWatch

SuspendThread
SuspendThreadList
ResumeThread
ResumeThreadList

GetLocalObject
GetLocallInt




JVMTI Debugger

Condition:
i == 459

Mapcum BbipaxeHue
YuTaeM nokanbHyw nepeMeHHyl i
CpaBHMBaeM C KOHCTaHTOM
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JVMTI Debugger

Condition:
i == 459

Mapcum BbipaxeHue
YuTaeM nokanbHyw nepeMeHHyl i
CpaBHMBaeM C KOHCTaHTOM

Evaluate and log:
myObject.toString()

Mapcum BbipaxeHue

YnTaem nokanbHyl nepemeHHyi myObject (ync)
Yutaem none this.myObject uepes JINI
BoisbiBaem meTop 4yepes JNI

;!5128



JVMTI Debugger

Condition:
i == 459

Mapcum BbipaxeHue
YuTaeM nokanbHyw nepeMeHHyl i
CpaBHMBaeM C KOHCTaHTOM

Evaluate and log:
myObject.toString()

Mapcum BbipaxeHue
YnTaem nokanbHyl nepemeHHyi myObject (ync)
Yutaem none this.myObject uyepes JNI

;!5129



JVMTI Debugger

Evaluate and log:
myObject.toString()

Mapcum BbipaxeHue
YnTaem nokanbHyl nepemeHHyi myObject (ync)
Yutaem none this.myObject uepes JINI

;!5130



JVMTI Debugger

Evaluate and log:
myObject.toString()

Mapcum BbipaxeHue

YnTaem nokanbHyl nepemeHHyi myObject (ync)
Yutaem none this.myObject uepes JINI
WHTepnpeTupyem BbiNMOJIHEHME MeToja

;!5131



JVMTI 3arpy3ka 6antkoga

jvmti->GetBytecodes(
jvmti,
methodId,
byteCodeSizeOut,
byteCodeOut

);

7?332



JVMTI UHTepnpeTaTop

while((nextOp = readNextOp()) != -1) {

interpret(nextOp, stack);
}

r1 33



JVMTI UHTepnpeTaTop

while((nextOp = readNextOp()) !'= -1) {

interpret(nextOp, stack);
}

71 34



JVMTI UHTepnpeTaTop

while((nextOp = readNextOp()) != -1) {

interpret(nextOp, stack);
b
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JVMTI UHTepnpeTaTop

while((nextOp = readNextOp()) != -1) {

interpret(nextOp, stack);
b




JVMTI UHTepnpeTaTop

while((nextOp = readNextOp()) != -1) {

interpret(nextOp, stack);
}

b6e3 nepeknagbiBaHUA

r1 37



JVMTI UHTepnpeTaTop

while((nextOp = readNextOp()) != -1) { oes nepeknagbiBaHNA
if (timeout()) {

throw new TimeoutException(); 0e3 0CTaHOBOK

}
interpret(nextOp, stack);

}

71 38



JVMTI UHTepnpeTaTop

while((nextOp = readNextOp()) != -1) {
if (timeout()) {
throw new TimeoutException();

b6e3 nepeknagbiBaHUA

}
if (!allowed(nextOp)) { Ge3 0CcTaHoBOK

throw new IllegalAccessException(); 633 p|/|C|(a

}
interpret(nextOp, stack);

71 39



ApxuTeKkTypa oTnagyuka
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ApxuTeKkTypa oTnagyuka

e
T
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ApxuTeKkTypa oTnagyuka
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ApXxuTeKTypa oTnagumka




ApXxuTeKTypa oTnagumka

e
S




ApXxuTeKTypa oTnagumka
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ApXxuTeKTypa oTnagumka




ApXxuTeKTypa oTnagumka
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AyanTt n 6e3onacHoOCTb

e Block list
o 3anpeLleHHble Kraccel/MmeToabl

e Allow list
o PaspelueHHble knaccbl/MeToab!

e PaspeneHue npas
o Otnagka
o  W3ameHeHusa block/allow list'os
o [ocTyn K OTAenNbHbIM areHTam

e Kaxabin breakpoint octaétca B norax ayauta

?1 48



KBOTbI

e Latency
e Memory
e Hit count

?1 49



Tak Kak xe oTnaxnBaTb NPOAAKLUH?

e Remote Debugger
o He aygmnpyemo
o CTpaluHo

e [lepenoXxuTb NpoaaKLLH

o [Honro
o CtpaluHo
o  CKy4HO
e HCR
o bbIlcTpo
o [lpocto

o DBceé ewwe crpawHo

?1 50



AnbtepHaTuBa: JVM Tl

e [lonro
o Ho oawH pas
e CnoxHo

o Ho oaguH pas
e CrTpalwHo
o Ho oawH pas

NToro: 60nbHO TOMBbKO B NEPBbLIN pas, a MOTOM...

?1 51



Bonpochobl?

Aptém [lpo3nos
Lightrun



