Niklas Gustavsson LB

ngn@spotify.com ‘ /

Wx-

&

@protocol7



Niklas Gustavsson LB

ngn@spotify.com ‘ /

Wx-

&

@protocol7






10,000,000

1,000,000

100,000

10,000

1,000

100

10

0

1970

Intel CPU’

(sources: Intel, Wikipedia, K. OFukotun)

Trends

@ Transistors (000)
@ Clock Speed (MHz)
A Power (W)

@ Perf/Clock (ILP)

I

1975 1980 1985 1990

2000 2005 2010



TREPEEEPTT R Wil 3 PRy o
...... e o WP A A - )
AR R VEAD =TT

DU SSNEEE S e A o A e s b | &»“} RN SR LA ST —-“—-—.--
3
l - : : _--

LR ﬁ M.,___ T U R e AR _p____.__.s 115, _.;,;_naﬁ
» 7o e R .. o A A y
) G 8 - ey 8 __z_._“______g,__._w [HHHE 2.

w0 BT I prven wﬁ T 2 _....,__..__-___E._m_._m._a_-__._:_

_____________________._____._______________________m_x"a n.nxx________________________________________________

Y . 3 ey .

Hi 8 IR

S —Era s a P T e, BERE Uil - (IS 5 S s
- : a [IER i8R ann 2 dmep e ___.Zr ..”..ﬂﬂ..w. gl ol
ks Ll g T - : B "R
T ] == g xm“"mx”. REMHC S e e 0 ST
. - i e w IS SRS RS [ ) SOAS & COMITE- AR v R
RUNR - REmm 08 ThAL N - o ey o
oz s v e HH __—_ —:_ St :
.H.ln..qu. . 45 ‘ — ,——— —— 4 ..-‘ .--
~ <= -+~ .. HHEHH LMramn dB
R o Sl [T RRS ' e vu!‘da “"““““"" : ) =i o= vie
s G s N - R L Shard pine A = 'ml" :
g | YR onglas ﬂv.&. g AGHIEE

o :
TR S T4 :
|

: ..._
-
= o e .
i
-
.
e T " ™

—-—————— e e vl i Sieee e

__m__________________n_a__s g_____________________________________________________
B0 AT i OO OG0 G

S e L = ~HHIN HIRTE LA
8 4 L B S B | p el LLE L L o ek o
2°T=S 15 70 O o T (R ~ e
f g el ot . - e S
Se e guay 110 panted Same ~ semw o BLd Bais- Reisdy < wen VO...\WJN B 2
e B100 103 = HHA B B
I...-:.-.-.- ‘il an __—_— —
. e . =
s HIEHH i :
R R AR , HIE HH e Sy U o mm ENENT RN RN
P el . ot L P IS
ke = ke = n ﬁ.&m . = -

a IS T
H

R ___________________-_______s____-_______-_
_ .,
I

Em i e 11 EHEHH

BT T L s M pasrcye | 1] M I__:---_n g
[+ A " B Y ﬂw, ' .g‘ \ . .f il y/ 'ﬁ...mn , "l -
i ‘1 fon ) et v LA R T -I-I-- LD LT T IR e
T T -A-.:_.-.. 4. B = A 5 ol Ny L aat )
LT LD TR & e A T e g T T _!L. : 53
TN N Al e = Sy ~» I O n...._.___::: l\w \ Sl |
BENER * _..r,u.,J..m~..”M.4_.,w. e i ..f SRRy AL | e aamn R s bIE
l--I- .u:....q * FToNa | :___1 el - ,{“ oo - B0
.\.J'Ql -~ : Aﬁ £ ..- \0.- ;.. R 14
1 Hu ‘. Al b 7?».. : TR A1 11 P sl (e g i B8
. . : P . T
. I-l-ll L1 e - n- __:___:_:n:: _::::__ cosren i1 mae S5
- l\‘- 'l\.“l"h T R = 2§ . b ..-‘ wiv —-— .
RS .&. 2 n_.Mc __.: Jab sl --- -- & ~a } ..?“U_ .>.~\ '
N aﬁ. m i _- oo o | ...
‘~._..Aﬁ..4 3 A,., - ..f )} 3 r.'n ... ..K 1 %
) ! oy .u...u..."u". :., . i
. 1
]|
N gl nen
TR :““._ 1
LI - ' “lgdt?
- oy
Sl PO s . \7 %]
Lk E

— P—- o |
i
a8
Lunnn
B

‘WL Ry 4..“.... 3
..Hle._.n . " .......n_ - .P R4l & mc.:. Wi
CRANERERS <o ﬂ.,w LT
K ol A _555._.._::_
- » ' .
o

e ‘V‘. d”-
L 5..:... Jam
J“J. —#J&t Crnr

b

1H .a_z_m.:uﬂrz.

An’.. K
P,

.
L e e e T L DL

b-—oo.u.-n:.- ’
L B ] |
- T
e
- s
2 q
Lk =
v«
PSS
4
s x
’ ‘-ﬂ{
:N“ﬂtl.d
iv “\"‘4
-Y—A
- E_‘!m

e
mm
SRS
i
S
e2s




05 5 T

L _______________________E“mm”n, = ________________________E____________________
_______________________..Lm_______________________a_““..i“ aﬁm |G A R AR

Memory Controller

_____________________E _.m_______________________“m““mﬁ ﬁ% BRI RHEEmil IR




Cache latency

L1: 1ns

L2: 3ns

L3: 15-20ns
RAM: 65ns






Counting things



public class NaiveCounter {
private long count = 0;

public void increment() {
count++;

3

public long count() {
return count;

3



volatile



public class VolatileCounter {
private volatile long count = 0;

public void increment() {
count++;

3

public long count() {
return count;

3



synchronized



public class SyncronizedCounter ({
private long count = 0;

public synchronized void increment() {
count++;

3

public synchronized long count() {
return count,;

3



ReadWritelLock



public class ReadWriteLockCounter {
private long count = 0;
private ReadWriteLock lock = new ReentrantReadWriteLock();

public void increment() {
lock.writeLock().lock();
try {
count++;
} finally {
lock.writeLock().unlock();

3
b

public long count() {
lLlock.readLock().lock();
try {
return count;
} finally {
Lock.readLock().unlock();

by
b
b



CAS



java.utlil.concurrent.atomic



AtomicLong



public class AtomicCounter {
private final AtomicLong count = new AtomicLong();

public void increment() {
count.incrementAndGet();

3

public Llong count() {
return count. longValue();

3



public final Llong incrementAndGet() {
for (;;) {
Long current = get();
Long next = current + 1;
if (compareAndSet(current, next))
return next;



LongAdder



public class LongAdderCounter {
private final LongAdder count

new LongAdder();

public void increment() {
count.increment();

3

public Llong count() {
return count.sum();

3



Cache lines



Aside: Lists



JEP 169: Value Objects’

Lhttp:/cr.openjdk.java.net/~jrose/values/value-type-hygiene.html



False sharing



Padding



VO
VO
VO

lati]
lati]

lati]

LE
LE

LE

Long po9, pl, p2, p3, p4, p5, pb;
Long value;

Long g9, qgl, g2, g3, g4, g5, gb6;



@sun.misc.Contended static final class Cell {
volatile Llong value;
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Java memory model



Further reading

java.util.concurrent JavaDocs
Java Concurrency in Practice
Anything by Doug Lea

* Including source code

Anything by Martin Thompson,

e @mjpt//7

BRIAN GOETZ

WITH TiMm PEIERLS, JosHuA BLocH,
JOSEPH BOWBEER, DAVID HOLMES,
AND DOUG LEA
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