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Napojeni na burzu

» Kazda burza nabizi rozhrani pro
» Prijem order( a kotaci
» Market data
» Protokoly
» Komunikace zalozena na vyméné zprav
» Binarni
» ETS, OUCH

» Textové
» FIX

» XML

» Arena

Member
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Vlastnosti obchodovacich systému

Low-latency: Duraz kladen na rychlost odezvy systému (mikrosekundy)

>
» Low-jitter: stabilita zpracovani udalosti
» High-throughput: Zpracovani tisict udalosti za vterinu
» Robustnost

» High Availability

» Fast Recovery
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N

i

|:| Calc

—_ Serverl - change 1
Pricing
Traderl
|:| Business > Calc £
— Server Server2 Gateway | E
Trader2 Exchange 2
‘:I Quoting
CaIc
—— ServerN
TraderN -

i

Exchange N




Uzitecné kurzy na MFF

» Teoretické prednasky
» Algoritmy
» Datové struktury
» Slozitost

» Praktické presdnasky
» Operacni systémy |, Il
» Middleware

» Programovani v UNIXu




Zasady vyvoje real-time obchodovacich
systému

» Multi-threading
» Asynchronni programovani
» Actor model

» Pamet
» Garbage collection

» Cache




Asynchronni vs synchronni pristup

Synchronni volani Asynchronni volani

public void sync() {
List<Item> items = load():
for (Item item : items) { }
E process (item) ;

public woid async() {
loadisync({callback) ;

} private final Callback callback =

E new Callbaclk() {
@override

public void apply(List<Item> items) {
: for (Item item : items) {
E process (item) ;

)



Zamky

2 vlakna (zamek) 1 vlakno
synchronized (sync) {

if (start == 0) {

E start = System.currentTimeMillis() ;

long start = System.currentTimeMillis() ;
for (int 1 = 0; 1 < COUNT; ++1i) {
= roots[1] = Math.sgrt (i) ;
}

}

time = System.currentTimeMillis() - start;

while (true) {
int index;
synchronized (sync) {
: if ((index = counter++) >= COUNT) break:
}
double sqguareRoot = Math.sgrt(index) ;
synchronized (sync) {
| roots[index] = sguareRoot;

)

synchronized (sync) {
if (time == 1) {
: time = System.currentTimeMillis() = start;

)



Zamky I

public class State {
private int traded;

public int getTraded() { return traded; }
public void increaseTraded(int wvalue) { traded += value; }

for (int 1 = 0; i < 100 000 000; ++1i) {
synchronized (state) {
E state.ilncreaseTraded( ) ;

)

for (int 1 = 0; i < 100 000 000; ++i) {
synchronized (state) {

E if (state.getTraded() > 100 000 000) {

E System.out.println("Limit exceeded");

)




Mutable vs Immutable objects

Mutable Immutable
public class State { public class ImmutableState {
private int traded; private final int traded;
public int getTraded() { public ImmutableState(int traded) {
: return traded: § this.traded = traded:
} }
public void increaseTraded(int value) { public ImmutableState increaseTraded(int values) {
' traded += wvalues; § return new ImmutableState (traded + wvalue) ;

} }

public int getTraded() {
: return traded:

)



Actor Model

» The actor model in computer science is a mathematical model of concurrent
computation that treats "actors” as the universal primitives of concurrent
computation: in response to a message that it receives, an actor can make
local decisions, create more actors, send more messages, and determine how
to respond ...

Asynchronous
Isolated

Mutable
State




Pamet

» Rychlost paméti je radové nizsi nez rychlost CPU
» Optimalzace datovych struktur = zvyseni vykonu
» Vyssi programovaci jazyky ulehcuji praci s pameéeti

» Garbage Collection




Memory Cache

» Pristup do hlavni paméti je radové
pomalejsi nez do registru a L1, L2, o
L3 cache Registers

» CPU nahrava data z hlavni paméti Level 1 Cache

do cache v tzv. cache lines (typicky
64 bytu)

Level 2 Cache

Physical RAM
(Main Memory)

Cost per byte, access speed

Disc Storage
{Virtual RAM, Hard Drive)




Memory cache priklad

» Pridej 10 milionu integeru do listu

» 10 milion krat odeber prvni prvek a dej ho nakonec

private static wvoid listTest() {
List<Integer> list = new ListImpl<>();
long start = System.currentTimeMillis() ;
for (int 1 = 0; 1 < 10 000 000; ++1) {
 list.add(i);
}
System.out.println(System.currentTimeMillis() - start);
for (int 1 = 0; 1 < 10 000 000; ++1) {
: int head = list.remove() ;
: list.add (head) ;
}

System.out.println(System.currentTimeMillis() = start);




LinkedList vs RingBuffer

LinkedList RingBuffer

public class RingBuffer {

vold linkLast(E =) {
private final int[] array;

final Node<E> 1 = last:
final Node<E> newNode =

j new Node<>(l, =, null);
last = newNode;

if (1 == null)

E first = newNode:

private int length;
private int start;

public RingBuffer(int length) {

élse array = new int[length];

1.next = newllode; }

size++;

modCount++; Public int remove () {

int res = arraylstart];

start = (start + 1) % array.length;
-=length;

return res;

public void add(int i) {
z array[length++] = 1i;
}




Flyweight Pattern

» Optimalizace cache miss problému

private static class Trade {

private static final ByteBuffer buffer = ByteBuffer.ollocoteDirect(1824 * 1824 * 1824);
private static final Trade flyweight = new Trade();

private static int offset = @;
private static final int price0ffset = offset += 8;
private static final int quantity0ffset = offset += 8;
private static final int sideOffset = offset += B;
private static final int objecitSize = offset += 2;
private int objectOffset;
public static int getObjectSize() { return objectSize; }
void setObjectOffset(final int cbjectOffset) { this.cbjectOffset = objectOffset; }
public long getPrice() { return buffer.getLong(cbjectOffset + priceOffset); }
public woid setPrice(final long price) { buffer.putlong{cbjectOffset + pricedffset, price); }
public long getQuantity() { return buffer.getlong(cbjectOffset + quantityoffset); }
public woid setQuantity(final long quantity) { buffer.putlLong{cbjectOffset + quantity0ffset, quantity); }
public char getSide() { return buffer.getChar(cbject0ffset + sideOffset); }
public woid setSide(final char side) { buffer.putChar{cbject0Offset + sideOffset, side); }
private static Trade create(final int index) {
final int offset = (index * getObjectSize());

flyweight.setObjectOffset{offset);
return flyweight;




Flyweight Pattern - pouziti

public static wvoid main(finmal String[] args) throws Exception {

final long start = System.nanoTime();
for (int 1 = 8; 1 < 1066 8ea; i++) {
Trade trade = Trade.create(i);
trade.setPrice(1i);
trade.setQuantity(i);
trade.setSide((1 & 1) == 8 ? 'B' : '5");

¥

long buyCost = @;

long sellCost = @;

for (int 1 = 8; 1 < 1066 8ea; i++) {
final Trade trade = Trade.create(i);

if (trade.getSide() == 'B") {
buyCost += (trade.getPrice() * trade.getQuantity());
T else {

sellCost += (trade.getPrice() * trade.getQuantity());
¥
¥
long duration = System.currentTimeMillis() - start;

System.out.println(“duration " + duraticn + "ms");
System.out.println("buyCost = " + buyCost + " sellCost = " + sellCost);




Garbage Collector

» Vykon komplexnich systémd je
vyrazné ovlivnén délkou Garbage
collection

ughput

» Ztrata vykonu 2% na 1 procesoru =
ztrata vykonu 40% na 32
procesorech

Thro




Garbage Collector Il

» Standardni implementace JVM a CLR pouzivaji stop-the-world garbage
collection

» Vsechny thready zastaveny na potencialné velmi dlouhy Casovy interval

for (int 1 = 0; 1 < 100 000 000; ++1i) {
long start = System.nanoTime () ;
map.add(UUID.randomUUID() .toString()) ;

int time = (int) (System.nanoTime() - start);

if (time > max) max = time;

if (map.size() > 100 000) map.remove (map.first())
if (1 >0 && 1 % 10 000 == 0) {

: System.out.println (max) ;

= -
max J s | I I I l lI «




Prevence Stop-The-World

» Pouziti komercni JVM, ktera nepodléha STW a zajistuje continuous garbage
collection - Azul Zing

» Pouziti programovacich technik, které zajistuji, ze béhem vykonavani
programu se nevytvari zadné nebo naprosté minimum objektd

» Object Pools » Offheap Structures
» predvytvorena mnozina » Alokace objektu v paméti mimo
objektl, které se pouzivaji heap, ktera nespada pod GC
stale dokola management
» klient pozada pool o objekt, » Vlastni management paméti
provede s nim operace, které (alokace/dealokace) jako v C

potrebuje a vrati ho zpét do

» V JVM vyuziti sun.misc.unsafe
poolu



False Sharing

>

Vznika v pripadech kdy dveé Ci
vice vlaken modifikuji vzajemnée
nezavislé proménné, ktereé sdili
stejnou cache line

Na prvni pohled obtizné odhalit
Je potreba znat Memory Layout
Reseni:

» padding

» Souvisejici data v souvisejicich
blocich pameéti

X1 ¥l |

Local DRAM Other CPU
Memory Sockets

Memory Socket
Controller Interconnect

L3 Cache

Execution Units Execution Units

Registers Registers




False Sharing priklad

» Spust’ N vlaken a v kazdém vlakné 500 milion krat zmén nezavislou proménnou

public final static class Volatilelong {
public volatile long walue = @L;
public long pl, p2, p3, p4, p5, p6; // comment out to disable padding

¥

public final static int NUM THREADS = 4; i private static wvoid runTest()} throws InterruptedException {
public final static long ITERATIONS = 5@6L * 1@@eL * 1000L; Thread[] threads = new Thread[NUM_THREADS];

private final int arrayIndex; for (int i = @; i < threads.length; i++) {

private static Volatilelong[] Llongs = new VolatilelLong[ NUM THREADS]; threads[i] = new Thread(new FalseSharing(i));
static [ 1

for (int 1 = @; 1 <« longs.length; i++) { for (Thread t : threads) {
Longs[i] = new Volatilelong(); t.start();
} ¥
| for (Thread t : threads) {
t.join();
public FalseSharing(final int arrayIndex) { 1
this.arrayIndex = arrayIndex; b
¥
public woid run() {
public static void main(final String[] args) throws Exception { long i = ITERATIONS + 1;
final long start = System.nanoTime(); while (@ != --i}) {
runTest(); Longs[arrayIndex].value = 1i;

System.out.println{"duration = " + (System.nanoTime() - start)); 1



False Sharing vysledky
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Warm-Up

» Standardni implementace JVM a CLR pouzivaji JIT a run-time optimalizace
kodu

» Systémy po startu vykazuji snizenou vykonost
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Vybér vhodneho HW

>

v
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dostatek jader - dodrzovat pravidlo “core per application thread” + jadra pro
obhospodareni 0S

idealné 2-socket reseni ... cely OS bézi na jednom socketu a aplikace samotna
na socketu druhém - viz OS Tunning

CPU s co nejvyssi nominalni + turboboost frekvenci
CPU s co nejveétsi cache

Dostatek operacni pameéti

Oddélené SSD disky pro OS a aplikaci samotnou

Pouziti High-performance sitovych karet - napr SolarFlare
» umoznuji preskoceni OS Kernelu pri zpracovani sitového prenosu

Zajisténi, aby sbérnice, ve které je sitova karta byla na stejném NUMA node
jako Socket, ktery bude prirazen dané aplikaci




OS Tunning

>

Pro docileni nejvyssiho a predevsim stabilniho vykonu je nezbytné se pri
nasazovani systému zameérit také na samotny operacni systém

Casto se jedna o nékolikadenni proces, ktery je zavisly na pouZitém HW a OS,
tudiz neexistuje jednoznacny a vsudefungujici postup

Izolovani jader pro danou aplikaci ... taskset, isolcpu, numactl
Zakazani IRQ preruseni na jadrech, na kterych bezi aplikace ... irgbalance

Zajisténi, ze vsechny systemoveé procesy a sluzby bézi na jadrech, na kterych
nebézi aplikace samotna

Prirazeni jednotlivych aplikacnich vlaken danym jadrum ... zachovani pravidla
“thread per core” - taskset nebo Java-Thread-Affinity knihovna

Spravné nastaveni kernel parametr( - vm.min_free_kbytes, vm.swappiness,
transparent huge pages a dalsi

Diagnostika jitteru: jHiccup (Azul), sysjitter (SolarFlare)




OS Tunning priklad - CPU affinity

» Posilani multicast zprav pres “dummy” interface - zajisti, ze samotna sit’
nebude ovliviovat vysledky

» Sender:

public static wvoid main(final String[] args) throws Exception {
final byte[] buffer = ("This is a string with sufficient”
+ " data to test a packet sending").getBytes("ASCII");
/! Create socket and packet objects
final Thread t = new Thread({new MultiCastSender());

t.start();
while (messageCounter++ < count)
1
packet.setData(buffer); public woid run() {
sendSocket.send(packet); while (!Thread.currentThread().isInterrupted()) {
1 try {
sendSocket.close(); Thread.slesp(1888L);
t.interrupt(); } catch (InterruptedException ex) {
t.join(); break;
h ¥

final long newTimestamp = System.currentTimeMillis();
final long duration = newTimestamp - lastTimestamp;
final long newMessageCounter = messaogeCounter;
final long numberOfMessages = newMessageCounter - LastMessogeCounter;
System.out.format("Sent ¥d messages in ¥dmsin",

Long.valueQf (numberdfMessages), Long.valuedf(duration));
LastTimestamp = newTimestamp;
LastMessageCounter = newMessageCounter;




OS Tunning priklad - CPU affinity

} Rece]ver: public static woid main(final String[] args) throws Exception {

final int multiCastPort = 4447;
final String address = args[e@];
final NetworkInterface networkInterface = NetworkInterface
.getByName(args[1]);
final MulticastSocket receiveSocket = new MulticastSocket(multiCastPort);
final SocketAddress socketfddress = new InetSocketAddress(address, multiCastPort);
receiveSocket. joinGroup(socketAddress, networkInterface);
final byte[] buffer = new byte[BUFFER _SIZE];
final DatagramPacket packet = new DatagramPacket(buffer, BUFFER _SIZE);
new Thread(new MultiCastReceiver()).start();
while (true) {
packet.setLength(BUFFER_SIZE);
receiveSocket.receive(packet);
+messagelounter;

public woid run() {
while (true) {
try {
Thread.sleep(leaal) ;
} catch (InterruptedException ex) {
break;
¥

final long newTimestamp = System.currentTimeMillis();
final long duration = newTimestamp - lastTimestamp;
final long newMessageCounter = messageCounter;
final long numberOfMessages = newMessageCounter
- lastMessageCounter;
System.out.format("Received ¥d messages in Hdms\n",
Long.value0f (numberdfiessages), Long.valwedf{duration));
LastTimestamp = newTimestamp;
LastMessageCounter = newMessageCounter;



OS Tunning priklad - vysledky

» Spusténi bez pouziti CPU affinity:
» java MultiCastReceiver 230.0.0.1 dummy
» java MultiCastSender 230.0.0.1 dummy 20000000
» Spusténi s pouzitim CPU affinity:
» taskset -c 2 java MultiCastReceiver 230.0.0.1 dummy
» taskset -c 4 java MultiCastSender 230.0.0.1 dummy 20000000

Throughput
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DET Hub

Univerzalni obchodovaci systém " "
v v 3 ° 3 7 v ﬁ ﬁ
Umoznuje propojit libovolny pocet H =
systému, které komunikuji ruznymi ‘
protokoly & A
) ) o ) g —FIX— K@A ~TIBCO RV>
» Jadro systemu nezavislé na
protokolu
» Uzivatel nastavuje pravidla pro b i N

Zpracovani zprav




DET Hub - Vykon

Zadné zamky
Jadro systému nealokuje zadnou
pameét’ na heapu

» Nedochazi k GC

» Stabilni latence

» Specialni reprezentace zprav v
souvislych blocich paméti

» Unikatni persistencni vrstva
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Situace na trhu prace

» Ceska Republika
» pomeérné malo rozsireny obor

» malo firem, kde je mozné ziskat potrebné zkusenosti pred odchodem do
zahranici

» Zahranici

» velmi vysoka poptavka, predevsim ve svétovych financnich centrech jako
jsou Londyn, New York, Singapore, Tokyo a dalsi

» nadprimérné financni ohodnoceni - napr v Londyné se standardni plat
contractora (75% trhu) pohybuje mezi 450 az 800 liber na den

» MFF poskytuje idealni soubor zakladnich znalosti potrebnych pro
prosazeni se v daném oboru




Odkazy

mechanical-sympathy.blogspot.com/

lmax-exchange.github.io/disruptor/

www.akka.io

www.azulsystems.com

vV v v v YV

www.oracle.com/technetwork/java/javase/gc-tuning-6-140523.html
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Kontakt

» info@det-tech.com
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