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Netty
Jetty
Tomcat
Cassandra
Voldemort

ZooKeeper
Neo4

Hadoop
HBase

Hive

_ucene

Solr
Elasticsearch
lgnite
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for (int i = 0; i < 100000; i++) {
| char* arr = new char[1024 * 1024];
delete[] arr;

_______________________________________________________________________________________________________________________________

éfor (int 1 = 9; 1 < 100000; i++) {
| byte[] arr = new byte[1024 * 1024];

_______________________________________________________________________________________________________________________________
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for (int i = 0; i < 100000; i++) {
| char* arr = new char[1024 * 1024];
delete[] arr;

_______________________________________________________________________________________________________________________________

éfor (int 1 = 9; 1 < 100000; i++) {
| byte[] arr = new byte[1024 * 1024];

_______________________________________________________________________________________________________________________________
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for (int i = 0; i < 100000; i++) {
| char* arr = new char[1024 * 1024];

delete[] arr;

_______________________________________________________________________________________________________________________________

éfor (int 1 = 9; 1 < 100000; i++) {
| byte[] arr = new byte[1024 * 1024];

_______________________________________________________________________________________________________________________________
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BoineneHune namMaTtu

Efor (int 1 = 0; i < 100000; i++) {

volatile char* arr = new char[1024 * 1024]; 680

arr[0] = i £ 50 mc
: delete[] arr; | 1
. Catw 1050 rs/c

P )':‘:2 —a




(o)
R

for (int i = @; i < 100000; i++) { ,
’ char* arr = new char[1024 * 1024]; 33 800
§ + 600 mc

delete[] arr;

_______________________________________________________________________________________________________________________________

for (int i = @; i < 100000; i++) { |
' byte[] arr = new byte[1024 * 1024]; Q 020 + 30 me

_______________________________________________________________________________________________________________________________



CTpyktypa Java Heap

Tenured Gen Young Gen
Survivor 0 Survivor 1
TLAB 1 TLAB 2
TLAB 2 TLAB 1
top ~10 CPU cycles
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CTpyktypa Java Heap

Tenured Gen Young Gen
Survivor 0 Survivor 1
TLAB 1 TLAB 2
TLAB 2 TLAB 1
(atomic)] "eden_top
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~int fd = open(fileName, O_RDONLY);
' size t size = fsize(fd);
. char* buf = (char*)mmap(NULL, size, PROT_READ, MAP_SHARED, fd, 0);

Eint lines = 0O;
for (size_t i = 0; i < size; i++) {
' if (buf[i] == "\n") {
lines++;
i }
B
printf("Lines = %d\n", lines); C



Etry (RandomAccessFile raf = new RandomAccessFile(fileName, "r")) {
ByteBuffer buf = raf.getChannel().map(READ_ONLY, O, raf.length());

int lines = ©;
for (int i = 0; 1 < raf.length(); i++) {
if (buf.get(i) == '"\n") {
lines++;
}
}

return lines;



Etry (RandomAccessFile raf = new RandomAccessFile(fileName, "r")) {
ByteBuffer buf = raf.getChannel().map(READ_ONLY, O, raf.length());

int lines = ©;
for (int i = 0; 1 < raf.length(); i++) {
if (buf.get(i) == '"\n") {
lines++;

, 169 000

return lines;




Etry (RandomAccessFile raf = new RandomAccessFile(fileName, "r")) {
ByteBuffer buf = raf.getChannel().map(READ_ONLY, O, raf.length());

int lines = ©;
for (int i = 0; 1 <i++) {
if (buf.get(i) == "\n") {
lines++;

, 169 000

return lines;




étry (RandomAccessFile raf = new RandomAccessFile(fileName, "r")) {
ByteBuffer buf = raf.getChannel().map(READ_ONLY, O, raf.length());

int lines = ©;

for (int 1 = 0; i < ; i++) {
if (buf.get(i) == '"\n") {
lines++;
}
}

return lines;

_________________________________________________________________________________________________________________________________________________________________________________
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HTTP cepsep, 1 Gb/s
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ab2 -k -n 10000 -c 1000 "http://server/20k.bin"



for (int 1 = 0; 1 < 100; i++) { :
i Socket s = new Socket(host, 80);
query(s); |
s.close();

' Socket s = new Socket(host, 80);
' for (int i = @0; 1 < 100; i++) {
. query(s);

-}

' s.close();

http://stackoverflow.com/questions/37265825



for (int 1 = 0; 1 < 100; i++) { :
i Socket s = new Socket(host, 80);

query(s); |
s.close();

' Socket s = new Socket(host, 80);
' for (int i = @0; 1 < 100; i++) {
. query(s);

-}

' s.close();

http://stackoverflow.com/questions/37265825



for (int i = 0; i < 100; i++) { E ' Socket s = new Socket(host, 80);
Socket s = new Socket(host, 80); | | for (int i = 0; i < 100; i++) {
query(s); . query(s);

é s.close(); i)
o scclose(y; | @

pr1vate void query(Socket s) throws IOException {

DataOutputStream out = new DataOutputStream(s. getOutputStream()),
out.writeBytes("GET / HTTP/1.1 ..");

byte[] response = readResponse();

______________________________________________________________________________________________________________________________________________________________________________

http://stackoverflow.com/questions/37265825



for (int i = 0; i < 100; i++) { E ' Socket s = new Socket(host, 80);
Socket s = new Socket(host, 80); | | for (int i = 0; i < 100; i++) {
query(s); . query(s);

é s.close(); i)
Y sicloseOs

Eprivate void query(Socket s) throws IOException
DataOQutputStream out = new DataOutputStream
OIS RWISAREY "GET / HTTP/1.1 .");

byte[] response = readResponse();

_____________________________________________________________________________________________________________________

http://stackoverflow.com/questions/37265825



for (int i = 0; i < 100; i++) { | ' Socket s = new Socket(host, 80);
Socket s = new Socket(host, 80); |

for (int i = 0; i < 100; i++) {
query(s); . query(s);
s.close();

B!

' s.close();

Eprivate void query(Socket s) throws IOException {
OutputStream out = s.getOutputStream();
("GET / HTTP/1.1 .." )3

byte[] response = readResponse();

_______________________________________________________________________________________________________________________________________________________________________________

http://stackoverflow.com/questions/37265825
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* 1 Gb/s - nerko, kak HacueT 407

* Quum OC

« TCP Fast Open, TCP_DEFER_ACCEPT
- SO_REUSEPORT, MSG_MORE, MSG_PEEK

* MHTerpaynsa ¢ OpenSSL
* Tickets, OCSP stapling, ALPN

https://github.com/odnoklassniki/one-nio






100 bant

______________________________________________________________________________________________________________________________________________________________________

Epublic byte[] encrypt(byte[] data, SecretKeySpec key) {

Cipher cipher = Cipher.getInstance("AES/CBC/PKCS5Padding");
cipher.init(Cipher.ENCRYPT_MODE, key, 1iv); ’
return cipher.doFinal(data);

_______________________________________________________________________________________________________________________________________________________________________



Estatic ThreadLocal<Cipher> CIPHER = ..
épublic byte[] encrypt(byte[] data, SecretKeySpec key) {
Cipher cipher =

cipher.init(Cipher.ENCRYPT_MODE, key, 1iv);
return cipher.doFinal(data);

_______________________________________________________________________________________________________________________________________________________________________



'static ThreadlLocal<Cipher> CIPHER = ..
épublic byte[] encrypt(byte[] data, SecretKeySpec key) {
Cipher cipher = CIPHER.get();

return cipher.doFinal(data);

_______________________________________________________________________________________________________________________________________________________________________



» Hardware support
* AES-NI

o -XX:+UseAESIntrinsics

- AES/ECB
- AES/CBC

AO






________________________________________________________________________________________________________________________________________________________________________

édouble[] arr = new Random().doubles (100 000 000)
| .map(Math: :tanh)
.toArray();




.map(Math: :tanh)
.toArray();




Edouble[] arr = .doubles (100 000 000)
| .parallel()

.map(Math: :tanh)

.toArray();

________________________________________________________________________________________________________________________________________________________________________

________________________________________________________________________________________________________________________________________________________________________

AtomicLong seed = this.seed;
do {

oldseed = seed.get();

nextseed = (oldseed * multiplier + addend) & mask;
} while (!seed.compareAndSet(oldseed, nextseed));

________________________________________________________________________________________________________________________________________________________________________



double[] arr = .doubles (100 000 @@@)

.parallel()
.map(Math: :tanh)
.toArray();




Java noTtoku vs. Native noTtokwm
e 1 &1

» -XX:ThreadPriorityPolicy=1

* TpebyeT root

» CPU Affinity
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» DAC (Dynamic Adaptive Compiler)
* Interpreter
» Background compilation
* Profiling
* OSR
* Tiered Compilation
* Deoptimization
* Recompilation

AO



Client vs. Server

. _c1__ | 2

CkopoCTb KOMNUAALMY bbicTpo YMEPEHHO
OnTumMmsaymm npocTble cpepHue

° Jre/llb/amd64/1vm cfg

-server KNOWN
-client IGNORE

.................................................................................
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Tiered Compilation

* [lo ymonuaxutio B JDOK 8
* OgHa JVM - aBa koMnunatopa

* Tonbko C1: -XX:TieredStopAtLevel=1

* Tonbko C2: -XX:-TieredCompilation

* ReservedCodeCacheSize MmeHbue B 5 pas3
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Tier 0
Interpreter
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/////””——* Interpreter

T~

Invocation
counter++

*,,//// \\\\\\$ Backedge

counter++

.\\\\\\§~ﬁ_0mnpﬂaﬂon

Policy

«———’//////
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!

/////””’_—' Interpreter “-‘““‘\\\\\

Invocation
counter++

¢~”//// \\\\\‘~»

.\\\\\\§~ﬁ_0mnpﬂaﬂon

Backedge
counter++

Policy

C1 no profile

«———’//////

C1 limited profile

C1 full profile
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/////”"'—_’ Interpreter ‘-‘““‘\\\\\

!

Invocation
counter++

4»*’//// \\\\\‘~»

.\\\\\\§_ﬁ_0mnpﬂaﬂon

Backedge
counter++

Policy

C1 no profile

4———’//////
' \\\\\\\\\\\\\‘

C1 limited profile

C1 full profile
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compiler tactics
delayed compilation
tiered compilation
on-stack replacement
delayed reoptimization
program dependence graph representation
static single assignment representation
proof-based techniques
exact type inference
memory value inference
memory value tracking
constant folding
reassociation
operator strength reduction
null check elimination
type test strength reduction
type test elimination
algebraic simplification
common subexpression elimination
integer range typing
flow-sensitive rewrites
conditional constant propagation
dominating test detection
flow-carried type narrowing
dead code elimination

language-specific techniques
class hierarchy analysis
devirtualization
symbolic constant propagation
autobox elimination
escape analysis
lock elision
lock fusion
de-reflection

speculative (profile-based) techniques
optimistic nullness assertions
optimistic type assertions
optimistic type strengthening
optimistic array length strengthening
untaken branch pruning
optimistic N-morphic inlining
branch frequency prediction
call frequency prediction

memory and placement transformation
expression hoisting
expression sinking
redundant store elimination
adjacent store fusion
card-mark elimination
merge-point splitting

loop transformations
loop unrolling
loop peeling
safepoint elimination
iteration range splitting
range check elimination
loop vectorization

global code shaping
inlining (graph integration)
global code motion
heat-based code layout
switch balancing
throw inlining

control flow graph transformation
local code scheduling
local code bundling
delay slot filling
graph-coloring register allocation
linear scan register allocation
live range splitting
copy coalescing
constant splitting
copy removal
address mode matching
instruction peepholing
DFA-based code generator

AO



public byte get(int i) {
return hb[ix(checkIndex(i))];

_____________________________________________________________________________________________________________________________________________________________________



_____________________________________________________________________________________________________________________________________________________________________

Efinal int checkIndex(int i) {
if ((i < 0) || (1 »>= 1limit))

throw new IndexOutOfBoundsException();
return i;

_____________________________________________________________________________________________________________________________________________________________________



if ((2 < @) || (2 >= buffer.limit))
E throw new IndexOutOfBoundsException();
' byte value = buffer.hb[buffer.ix(2)];

_____________________________________________________________________________________________________________________________________________________________________

. protected int ix(int i) {
return i + offset;

_____________________________________________________________________________________________________________________________________________________________________



if ( (2 >= buffer.limit))
; throw new IndexOutOfBoundsException();
- byte value = buffer.hb[2 + buffer.offset];

_____________________________________________________________________________________________________________________________________________________________________



Inlining

-XX:MaxInlineLevel=9
-XX:MaxInlineSize=35
-XX:FreqInlineSize=325
-XX:MaxTrivialSize=6
-XX:MinInliningThreshold=250
-XX:LiveNodeCountInliningCutoff=40000

_____________________________________________________________________________________________________________________________________________________________________



for (Listener listener : listeners) {
listener.fire((Event) arguments.get(9));

éint length = listeners.length;
'if (length != 0) {

for (int i = 1; i < length; i++) {
listeners[i].apply(event);

_____________________________________________________________________________________________________________________________________________________________________



_______________________________________________

§1nt tmp = A[j 1];
A[3-11 = A[3];
A[J] = tmp;

____________________________________________________________________________________________________________________________________________________________________

___________________________________________________

int tmp = A[J];
A[] = A[3-1]; 1930 : 20 mc

____________________________________________________



if (!(A[j-1] > A[j])) break;
int tmp = A[j];

A[3] = A[J-1];

A[j-1] = tmp;

if ('(A[F-2] > A[j-1])) break;
tmp = A[J-1];

A[j-1] = A[]-2];
A[j-2] = tmp;

_____________________________________________________________________________________________________________________________________________________________________



if (!(A[j-1] > A[]j])) break;
int tmp = A[j];
A[J] = A[]-1];

= tmp;
if ('(A[j-2] > )) break;

A[j-2];
tmp;

A[J-1]
A[J-2]

_____________________________________________________________________________________________________________________________________________________________________



if (!(A[j-1] > A[j])) break;
int tmp = A[j];
A[3] = A[J-1];

= tmp;

if ('(A[j-2] > )) break;

A[j-1] = A[]-2];
A[j-2] = tmp;

_____________________________________________________________________________________________________________________________________________________________________



if (!(A[j-1] > A[]j])) break;
int tmp = A[j-1];
A[j-1] = A[]J];

if ('(A[F-2] > A[j-1])) break;
tmp = A[j-2] ;

Alj-2] = A[J-1]; e
A=) = s -XX:LoopUnrollLimit=0 |

_____________________________________________________________________________________________________________________________________________________________________



Estatic final Rectangle RECT = new Rectangle(10, 20, 30, 40);

E@Benchmark
public boolean newRect() {
i return new Rectangle(10, 20, 30, 40).contains(25, 25);

public boolean staticRect() {
return RECT.contains(25, 25);

E@Benchmark

_______________________________________________________________________________________________________________________________________________________________________________



:@Benchmark

pub11c boolean newRect() {
Rectangle r = new Rectangle();
r.x = 10,

r.y =

r.width = 30;

r.height = 40;

return r.contains(25, 25);



E@Benchmark
public boolean newRect() {

int x = 10;
int y = 20;
int width = 30;
int height = 40;
return 25 >= x && 25 >=y &&
25 < (x + width) && 25 < (y + height);

_______________________________________________________________________________________________________________________________________________________________________________



Consta

@Benchmark
public boo

int y
int wi
int he
return

return

nt Folding

lean newRect() {
= 10;

dth = 30;
ight = 40;
25 >= x && 25 >=y &&
25 < (x + width) && 25 < (y + heig
true;




épublic Point getPoint() {

return new Point(x, y);

Epublic void print() {

| Point p = getPoint();
System.out.println(p.getX());
System.out.println(p.getY());

_______________________________________________________________________________________________________________________________________________________________________________



Epublic Point getPoint() {

return new Point(x, y);

3}
épublic void print() {

int x = ...
inty = ...
System.out.println(x);

*ystem.out.printin(y); -XX:+EliminateAllocations



public void log(Object... args) {

' for (Object arg : args) {
print(arg);

| }

E}

épublic void operation() {

log("operation", 100, true);

_______________________________________________________________________________________________________________________________________________________________________________



pub11c void log(Object... args) {

- if (args.length > @) print(args[@]);
if (args.length > 1) print(args[1]);
if (args.length > 2) print(args[2]);

- if (args.length > 3) print(args[3]);

'}

épublic void operation() {

log("operation”, 100, true);

_______________________________________________________________________________________________________________________________________________________________________________



. @Benchmark
public int list() {
i return Collections.binarySearch(list, 555);

E@Benchmark é

public int vector() {
| return Collections.binarySearch(vector, 555);



| @Benchmark
public int
’ return

E@Benchmark
' public int
return

list() {
Collections.binarySearch(list, 555);

vector() {
Collections.binarySearch(vector, 555);



| @Benchmark
public int list() {
| return Collections.binarySearch(list, 555);

E@Benchmark
Epublic int vector() {
Vector<Integer> v = vector;
synchronized (v) {
return Collections.binarySearch(v, 555);

}




_______________________________________________________________________________________________________________________________________________________________________________

| @Benchmark
‘public int concat() {
 return "Point[x=" + p.x + ",y=" + p.y + "]";

E@Benchmark

' public int stringBuilder() {

StringBuilder sb = new StringBuilder(32);
sb.append("Point[x=");

sb.append(p.x);

sb.append(”,y=");

sb.append(p.y);

sb.append("]1");

return sb.toString();

_______________________________________________________________________________________________________________________________________________________________________________



_______________________________________________________________________________________________________________________________________________________________________________

| @Benchmark
‘public int concat() {
 return "Point[x=" + p.x + ",y=" + p.y + "]";

}

@Benchmark
'public int stringBuilder() { |

StringBuilder sb = new StringBuilder(32);
sb.append("Point[x=");

sb.append(p.x);

sb.append(”,y=");

sb.append(p.y); 60,8
sb.append("]"); + 2 He |
return sb.toString(); — ;

_______________________________________________________________________________________________________________________________________________________________________________



Strength reduction

_________________________________________________________

_________________________________________________________

Math.pow(x, 2) 7

_________________________________________________________

__________________________________________________________

_________________________________________________________

__________________________________________________________

_________________________________________________________

_________________________________________________________

AO



Math
Object
Class
Integer
System
Thread
String
Unsafe

min, max, pow, sqrt, sin, cos

getClass, hashCode, clone

getSuperclass, islnstance, isPrimitive
reverseBytes, bitCount, numberOfLeadingZeros
arrayCopy, currentTimeMillis, nanoTime
currentThread, islnterrupted

equals, indexOf, compareTo

getX, putX, compareAndSwapX, copyMemory

http://hg.openjdk.java.net/jdk8u/jdk8u/hotspot/file/tip/src/share/vm/classfile/vmSymbols.hpp



Xouy bonbuwe ontumMusaumn!

» -XX:+AggressiveOpts

o -XX:+UseFastAccessorMethods
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Xouy bonbuwe ontumMusaumn!

» -XX:+AggressiveOpts
« JDK-8150552
Remove -XX:+AggressiveOpts

» -XX:+UseFastAccessorMethods | .48 & ¢
« JDK-6385687 AR
UFAM considered harmful







Java -version

Client vs. Server VM
32-bit vs. b4-bit

T

AO



Pa3peweHne Tanmepa

System.currentTimeMillis g}
System.nanoTime @Wy
ot
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te = System.nanoTime();
for (int 1 = 0; 1 < 1000_000; i++) {

B

' t1 = System.nanoTime();

ét@ = System.nanoTime();
for (int 1 = 0; i < 1000_000; i++) {

)

't1 = System.nanoTime();

_______________________________________________________________________________________________________________________________________________________________________________



________________________________________________________________________________________________________________________________________

épublic static void main(String[] args) {

long startTime = System.nanoTime();

for (double d = 0; d < 1000_000; d++) {
// Loop

}

long endTime = System.nanoTime();

________________________________________________________________________________________________________________________________________

DoubleWrapper w = new DoubleWrapper();
for (w.d = 0; w.d < 1000_000; w.d++) {
// Loop

________________________________________________________________________________________________________________________________________

3,6 + 0,2 Mc

1,4i0,2 MC

AO

http://stackoverflow.com/questions/33842116



for (double d = 0; d < 1000_000; d++) {
// calculations

________________________________________________________________________________________________________________________________________

* B otonenbHbit MeTOA!
* BbI3blBaTb HECKOJIbKO pPa3
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_____________________________________________________________________________________________________________________________

- @Param({"500", "520"})
. int iterations;

E@Setup

_public void init() {
| for (int i = 90; i < iterations; i++) { [500] 3311 "

stream().collect(...);

} [520] 82 +3 e
)

E@Benchmark
. public long loop() {
return stream().count();

_____________________________________________________________________________________________________________________________

http://stackoverflow.com/questions/33842116



Side effects 2

E@Benchmark
' public void testMethodRef() {
| Arrays.stream(array).forEach(System.out: :println);




. @Benchmark

public double sqrtD() {
E return Math.sgrt(x);
'}

E@Benchmark
- public float sqrtF() {
return (float) Math.sgrt((float) x);



double sqrtD() float sqrtF()

0: aload_o E  0: aload_o
1: getfield x:D | 1: getfield x:D
'4: invokestatic sqrt:(D)D 4

57: dreturn ; ; 5:
______________________________________________________________________________________ . 4: invokestatic sqgrt:(D)D

+ 0,2 HC 10: freturn



double sqrtD() float sqrtF()

0: aload_o | 0: aload_o

1: getfield x:D | 1: getfield x:D

‘4: invokestatic sqrt:(D)D 4 d2f |

' 7: dreturn . G i

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 4 E
6,8 - 9: |
+ 0,2 He 10: freturn

£2d > Math.sqrt() > d2f

“sqrtss”



* AHanNN3npymnTe CKOMMNUANPOBAHHLIN KOL

» -XX:+UnlockDiagnosticVMOptions
-XX:+PrintAssembly

* jmh —prof perfasm

AO
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* [lnwnte NnpocTon, NOHATHLIN KoL
* OH HpaBUTCA He TONbKO NaAAM, HO n JVM

¢ HOﬂbByVlTer NMPpaBUJibHbIMN MHCTPYMEHTaMW

* He BepbTe undppam! lNogknoyante ronosy.
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