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Java Runtime Environment

JRE = JVM + bnbanortekun Knaccos

Java Development Kit

|IDK = JRE + MHCTpPYMEHTbl pa3paboTKM 1 oTNaoKn

azul
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PaHTanMbl o4eHb MONyAPHbI

azul
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Kotlin Java . e

Scala

J VIV Clojure \
PHP
e Erlang
; JavaScript
Objective-C Swift fuby
<

azul
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[TpOOYKTUBHOCTbL? HageXHOCTb?

MHOro akcnepToB? CTabunnbHOCTL?

[Toyemy?

CkopocTb  CTOMMOCTD KpynHble
Pa3paboTKN? pa3paboTKN? IKOCUCTEMbI?

[Tpon3BoONTENNIbHOCTL?

azul
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Obnaka o4eHb NMNONYJASAPHbI

azul
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[TpOOYKTUBHOCTbL? HageXHOCTb?

MHOro akcnepToB? CTabunnbHOCTL?

[Toyemy?

CkopocTb  CTOMMOCTb KpynHble
pa3paboTKn? pa3paboTkn? IKOCUCTEMbI?

[Tpon3BoONTENNIbHOCTL?

azul



Cloud Native

azul
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JVM (cenyac)

® N30nmpoBaHa OT Apyrux JVM

@ HeT “namaTtn” o npowwnbix/apyrux JVM 3anyckax

@ [NoNIHOCTLIO NoJlaraeTcsd nLlb Ha cebs

@ OrpaHu4eHa 10KaJIbHbIMU pecypcamMu
@ OrpaHun4yeHa CcBOUM (PYHKLMOHaAIOM

@ [osKHa BblIbMpaTb Ha YTO TPaTUTb PeCypPChl

222222222222222222222
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JVM (cenyvac)

@ OrpaHn4yeHHoe MeCcTO AJ19 XPaHeHNda OaHHbIX
@ OrpaHmn4eHa PyHKLMNOHANBHO
@ OrpaHun4yeHa ymeHuneM aHanm3npoBaTb 1 00y4YaTbCH

@ OrpaHuyeHHble “3HaHnAa” 06 yCcTpoucTee MuUpa

azul



Cloud Native JVM

azul
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Cloud Native JVM Mmorna 6Obil...

@ lNpuncoeamnHATbLCA K coobulecTBy Apyrux JVM

@ icnonb30oBaTh M pacyHUTbIBaTh Ha:

D BHellHNne pecypcChbl

@ BHelwHIO PYHKLUMNOHANBbHOCTb

@ BHewWHMN onbIT

@ Co3paBaTb HOBbIE (M MOMONHATL CTapble) 3HAaHUSA

222222222222222222222
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Cloud Native JVM Mmorna 6Obil...

222222222222222222222

@ “Oe3rpaHunyHbIe” pa3Mepbl XpaHUNULLLa OaHHbIX
@ "Oe3rpaHu4dHble” aHaNNTN4YeCcKmne BO3MOXKHOCTH

(" 3 H a HUS 1] ; (" O M blT" e

azul
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Cloud Native JVM (onpeneneHune)

@ Obnapaet BCcemn ceoncteamu JVM

@ [enernpyetT (ayTCOPCUT) HEKOTOpPLIE KJIlo4YEeBble PYHKL NN B
obnako

@ CoobwiaeT B 06/1aK0 OMbIT U 3HAHWUSA, KOTOPbIe MOryT ObITb
ncnosib3oBaHbl gpyrumMmm VM, npncoeguHEeHHbIMN K 3TOMY
001aKy

222222222222222222222
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©2023 Azul Systems, Inc.

fava RuAHG

Java Virtual Machine (JVM)

Method
Area

Garbage
Collector

Interpreter JIT compilers

Stacks
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Java Virtual Machine (JVM)

Native
Stacks
&

Memory




JVM Runtime

@ Command-Line Argument Processing

@ VM Lifecycle

\

@ VM Class Loading, Bytecode Verifier & Format Checker
@ Class Data Sharing

@ Interpreter

@ Compiler Runtime

@ Java Exception Handling & VM Fatal Error Handling

@ Thread Management & Synchronization

222222222222222222222
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SHaKoOMCTBO ¢ Runtime’'om

CoTBOpeHne BceneHHOoW

azul
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MU3HeHbIn unkn VM

@ OOpaboTKa aprymMmeHTOB

@ CoTBOpEeHMe BCcesieHHOoM (universe)

@ Co3paHue nHTepnpeTaTopa U Apyrux NnoaocuUcCTem
@ 3anycK NMpuUIoXXeHund

@ ObpaboTka 3aBeplLUeHNS

222222222222222222222
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SHaKoOMCTBO ¢ Runtime’'om

Classes Lifecycle

azul
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lTepMnHONOrns:
MeTo. requires Knaacc

void (int param) {
If (param '=0) {
a = new Foo();

//>I<>I<>I<
} else {

//>I<>I<>I<

}
}

azul
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class {
static final LocalDateTime = LocalDateTime.now();

}

class Foo {
static final java.time.lLocalDateTime baz;

Foo();
Code:
©: aload O
1: invokespecial #1 // Method java.lang.Object.”<init>":()V
4: return

static {};
Code:
O: invokestatic #2 // Method j.time.LocalDateTime.now:()Ljava/time/LocalDateTime;
3: putstatic #3 // Field baz:Ljava/time/LocalDateTime;
6: return

222222222222222222222

azul



MU3HEeHbIN UMK KJ1laCcCa FOO n MmeToaa bar

class
Foo
Loaded
Linked
Initialized class
Foo method
VM started first bar
used compiled
method
bar called
9:00 9:30 10:00 10:30 11:30

31 ©2023 Azul Systems , Inc. I-



@ VM Class

MU3HEHbIN LULNKJT KJIACCOB

class {
static final LocalDateTime = LocalDateTime.now/():

}

Load (ClassLoader)

Link (Resolve symbols)

Initialize (static initializer <clinit>)

Unload

@ Bytecode Verifier & Format Checker

222222222222222222222
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Bytecode Verifier

e |INS ; e

U’ JPoint zor

Huknta Jlnnckum

Excelsior LLC

BepudpunKkauma Java

DaunT-Koda: Koraga, Kak,
a MOXEeT OTKJIIOUNTDL?

azul
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Class Data Sharing (JEP 310)

SAP

Class data sharing

in the HotSpot VM

x

azul



SHaKoOMCTBO ¢ Runtime’'om

Compiler Runtime

azul
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@ Profiling System

Compiler Runtime

@ Compilation Policy

B -
i
o

@ Install/Uninstall JIT-methods

@ CodeCache

@ De-optimization & code-profile healing

222222222222222222222

azul
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Compiler Runtime

Interpreter o

Deoptimize

o Profile

Just-in-Time
Compilation

azul
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JIT KoMnmnnaTopsbl

CTapatoTcs nepeBecTtn banTtkoa B
ONTUMaJZIbHOE MAalUUHHOE npeancTaB/eHune

JIT compillers

azul
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MOLOEJIb
MUN3HNN OAHOIO METOAAd

10-100+X
C2
| e ol e Sx.
NI, S fi SRR, ek e
none profiling full-speed

BpeMS

azul



Mo eJib NMporpesa:
warmup NpuioXXeHus

ops / sec

m?2

m1l

BpeMS

azul
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BHyTpeHHOCTIW JVM:
PacnpeneneHmne koga

Code distribution (by optimization level)

30.00 40.00 50.00 60.00 70.00

Interpreted % Tier 1 (profiling) % Optimized %
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BHyTpeHHOCTWN |VM:
®a3bl PaboThbl MPUIIOXKEHUSA

Speed
(with contribution by optimization level)

“©PnHaNbHaa CKOPOCThb”
(Steady State Speed)

v v v

NporpeB "

2Nl |

“Nnay3bl”
“3a0epXXKn”
Outliers

40.00 50.00 60.00 70.00

Interpreted Tierl (profiling) Optimized

azul



SHaKoOMCTBO ¢ Runtime’'om

Cloud Native Application
warmup

azul
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Cloud Natve Application

*

Java Virtual Machine (JVM)

Class Loader Subsystem

Runtime Data Area I
Native
Method Hea Stack Stacks
Area P acks &
Memory
Execution Engine I
Garbage
I
nterpreter Collector

azU

©2023 Azul Systems, Inc.
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Java Virtual Machine (JVM)

Class Loader Subsystem

Runtime Data Area

Method
Area

Execution Engine

Interpreter

Heap

Garbage
Collector

Stacks

Native
Stacks
&
Memory

Java Virtual Machine (JVM)

Class Loader Subsystem

Runtime Data Area

Method
Area

Execution Engine

Interpreter

Heap

Native
Stacks
&
Memory

Stacks

Garbage
Collector

a

7

U
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Readiness Check:

Java Virtual Machine (JVM) Java Virtual Machine (JVM)

Class Loader Subsystem Class Loader Subsystem

Runtime Data Area I Runtime Data Area
Native
Method Hea . Stacks Method
Area P acks & Area
Memory
Execution Engine I Execution Engine
Garbage
I Interpreter
nterpreter Collector p

Heap

Garbage
Collector

Stacks

Native
Stacks
&
Memory

foToB? Her...

[oTOB? ELLE HeT...

[oTOB? HeT eLle...

[oTOB? [lOorogure...
[OTOB? ...

azU
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Readiness Check:

Java Virtual Machine (JVM)

Class Loader Subsystem

Runtime Data Area I Runtime Data Area
Native
Method Hea . Stacks Method
Area P acks & Area
Memory
Execution Engine I Execution Engine
Garbage
I Interpreter
nterpreter Collector p

Java Virtual Machine (JVM)

Class Loader Subsystem

Heap

Garbage
Collector

Stacks

Native
Stacks
&
Memory

rotoB? Her...

[oTOB? ELLE HeT...

[oTOB? HeT eLle...

[oTOB? [lOorogure...
[OTOB? ...

[OTOB?

azU
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llepeHanpaB/ieHne TpagUKa

Java Virtual Machine (JVM)

Class Loader Subsystem

Runtime Data Area

Method
Area

Execution Engine

Interpreter

Garbage
Collector

Stacks

Native
Stacks

Memory

Java Virtual Machine (JVM)
Class Loader Subsystem

Runtime Data Area I
Native
k:
fhethod Heap Stacks hacks
Area
Memory
Execution Engine t
Garbage
Interprefer Collector

/-
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NToro:
Moaesb
NNoBeneHusa Java Runtime

azul



MoO>XHO cpa3y B Steady State?

azul
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A MO>XXHO cpa3y Steady State?

Speed
(with contribution by optimization level)

Start Here

40.00 50.00 60.00 70.00

Interpreted Tierl (profiling) Optimized
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CRaC - Coordinated Restore at Checkpoint

S JPoint

OpenJDK Project CRaC
(Coordinated Restore
at Checkpoint): 3agauu
U Nnpobnembl

AHTOH
Ko3noB

Azul

40.00

Interpreted

50.00

jptimization level)
Checkpoint

Restore

\

\
\
\

60.00 70.00

Tierl (profiling) Optimized

azul
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PeakTuBHas Moaenb
Vs
[lpoakTUBHaaA Moaenb

azul
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lTepMnHONOrns:
MeTo. requires Knaacc

void (int param) {
If (param '=0) {
a = new Foo();

//>I<>I<>I<
} else {

//>I<>I<>I<

}
}

azul



NHnumanmnsauma knaccos (JLS)

JLLS for Java 8. 12.4.1. When Initialization Occurs )

A class or interface type T will be initialized immediately

before the first occurrence of any one of the following:

T is a class and an instance of T is created.

A static method declared by T is invoked.

A static field declared by T is assigned.

A static field declared by T is used and the field is not a
constant variable (84.12.4).

T is a top level class (87.6) and an assert statement

(814.10) lexically nested within T (88.1.3) is executeg
https://docs.oracle.com/javase/specs/jls/se8/html/jls-12.html#jls-




MU3HEeHbIN UMK KJ1laCcCa FOO n MmeToaa bar

class
Foo P
Loaded
Linked
Initialized class
Foo method
VM started first bar
used compiled
method
bar called
9:00 9:30 10:00 10:30 11:30

61 ©2023 Azul Systems , Inc. lﬂ



MHnymnanmnsaumna knaccos (JVMS)

JVMS for Java 8. Section 5.5: Initialization )

Initialization of a class or interface consists of executing its
class or interface initialization method (§2.9). A class or

interface C may be initialized only as a result of:
» The execution of any one of the Java Virtual Machine
instructions new, getstatic, putstatic, or invokestatic that
references C (§new, §getstatic, §putstatic, §invokestatic).
These instructions reference a class or interface directly or

indirectly through either a field reference or a method

reference

https://docs.oré.éié.com/javase/specs/jvms/se8/htmI/jvms-5.ht




[1po

VM started

9:00

class
Foo

Loaded

Linked

MU3HEHbIN LMK Knacca Foo

class
Foo
initialized
class
Foo method
first bar
used compiled
method
bar called
9:30 10:00 10:30 11:30

azul



MU3HEeHbIN UMK KJ1laCcCa FOO n MmeToaa bar

class Pe
Foo
INnitialized
class
Foo method
VM started first bar
used compiled
method
bar called
9:00 9:30 10:00 10:30 11:30

6 I ©2023 Azu SySte S, Inc.
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[1po

VM started

9:00

class
Foo

Loaded

Linked

XU3HEeHbIN UMK MeToda bar

class
Foo
Initialized
class
method Foo
bar first
compiled used
method
bar called
9:30 10:00 10:30 11:30

azul



[Tonmep: INpoBepKa NMHNUMann3aunmm Kinacca

Foo a = new Fool()

!

If ('vm.is inititialized(Foo0)) {
vm.init(Foo); // or uncommon trap(uninitialized)

}

Foo a = new Foo()

azul
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MU3HEeHbIN UMK KJ1laCcCa FOO n MmeToaa bar

[1po
class
class Foo
Foo |n|t|a||2ed
Loaded
Linked method
VM started bar
compiled
9:00 9:30

10:00

class
Foo
first
used

method
bar called

10:30

11:30

azul



S9TO MOXEeT OaThb
[MPOaKTUBHaA MoOdenb?

azul
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Scale up c npo

©2023 Azul Systems, Inc.

Java Virtual Machine (JVM)

Class Loader Subsystem

Runtime Data Area

Method
Area

Execution Engine

Interpreter

Garbage
Collector

Stacks

Java Virtual Machine (JVM)
Class Loader Subsystem
Runtime Data Area I
Native
k:
Lethod Heap Stacks Shacks
Area
Memory
Execution Engine I
Garbage
Interprefer Collector

[OTOB?

Runtime’om

/-
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Scale up c npo

©2023 Azul Systems, Inc.

Java Virtual Machine (JVM)

Class Loader Subsystem

Runtime Data Area

Method
Area

Execution Engine

Interpreter

Garbage
Collector

Stacks

Java Virtual Machine (JVM)
Class Loader Subsystem
Runtime Data Area I
Native
k:
Lethod Heap Stacks Shacks
Area
Memory
Execution Engine I
Garbage
Interprefer Collector

[OTOB?

Runtime’om

/-



if i

MoxxeT nn JVM npo
MHULUMann3npoBsaTtb Foo?

class Foo {
iInt baz;

}

class Foo {
int baz;

Foo();
Code:
©: aload 0O
1: invokespecial #1// Method j.l.0bject.”<init>":()V
4: return

azul



A S3TOT Foo?

class Foo {
final static Integer baz = new Integer(42);
}. class Foo {
static final java.lang.Integer baz;
Foo();
Code:
gevaload ©
1: invokespecial #1 // Method j.l.0bject.”<init>":()V
4: return
siatic H ¥
Code:
O: new #2 // class j.l.Integer
Joraup
4: bipush 42
6: invokespecial #3 // Method j.l.Integer.”<init>":(I)V
9: putstatic #4 // Field baz:Ljava/lang/Integer;
12: “return
}

azul



A Tenepb?
class Foo {
static final LocalDateTime baz = LocalDateTime.now();

}

[1po
class
Foo
initialized
class
method Foo
VM started bar first
compiled used
method
bar called
9:00 9:30 10:00 10:30 11:30

azul



public enum SimpleEnum {

One
}__ static

’ Code:
0:
5
4:
oF
Vil

10:
L3
14 :
| 4
18:
19:
22
25
20:

74 ©2023 Azul Systems , Inc.

new
dup

ldc

iconst 0O
invokespecial
putstatic
iconst 1
anewarray

dup

iconst 0O
getstatic
aastore
putstatic
return

#4

#7

#8
#9

#4

#9

#1

//
//

//
//

//

&
//

A 3TOT “npocTteHbKNN” Enum?

class SimpleEnum
String One

Method “<init>":(Lj.l.String;I)V
Field One:LSimpleEnum;

class SimpleEnum

Field One:LSimpleEnum;

Field $VALUES:[LSimpleEnum;

azul
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JWarmup JEP (

Azul ReadyNow!

Speed
(with contribution by optimization level)

ReadyNow Falcon

30.00 40.00 50.00 60.00 70.00 80.00

Interpreted Tierl (profiling) Optimized m® Optimized (Zing)

azul



SHAaKOMCTBO C Runtime’'om

N cHoBa Compiler-Runtime:
cnekynaumm n geontnMmmsaumnm

azul
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“I'eponveckumne” (cnekyaaTuBHbIe)
ONTUMUN3aALNK

‘cekpeT’ CKopocCcTu Java

azul



[Tpmep: MepTBbIN KOO

static final void hotMethod() {
If ( thing == null )
System.out.print("always");
else
System.out.print("never");

}

\4

static final void hotMethod() {
if ( thing == null )
System.out.print("always");
else
uncommon_trap(:unreached);

}

222222222222222222222

<bc code="'199' bci='3'/>
<branch target bci='17"
taken='0' not taken='5800'
cnt='5800"' prob='never'/>
<uncommon _trap
bci='3' reason="unstable if'
action="reinterpret'
comment="'taken never'/>

<uncommon trap thread='7171' stamp='5.104"

compile id='29' compiler='C2' level="4'
reason="'unstable if' action='reinterpret' >
<jvms
method="...Unreached hotMethod ()V’
bci=‘3".../>
</uncommon_trap>

azul
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O
25 1+ %

N ewe bonblle B UMKaxX

azul



[Tonmep: INpoBepkKa NMHNUMaNn3aunnm Kinacca
MyClass.getStatic() new MyClass()

if (!vm.is init(MyClass)) {
vm.init(MyClass); YBennyeHune pasmepa 20%

}

MyClass.getStatic() 3a MensieHue

NN YNYLLEHHbIE

& O
MyClass.getStatic() OHTVIMVBa LI Ha 5 10 A)

http://joeduffyblog.com/2015/12/19/safe-native-code/ aZUI

222222222222222222222
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“I'eponyeckumne” (cnekynaTuBHbIe)
onTMMUM3aLUnn

de-optimization

azul



Nepexon B Interpreter:
OAHOKpaTHO

static final void hotMethod() {
if ( thing == null )
System.out.print("always");
else
uncommon_trap(:unreached);
}

uncommon trap +
[lepexon B interpreter

azul



llepexon B Interpreter:
Bcex HOBbIX BbIBOBOB

statlc final void hotMethod() {
3 if (thing == null )
HOBbIV Bbi30B - System.out. orint("always");
e else '

: uncommon_trap(:unreached);
[lepexon B Interpreter }

azul



[lepexon B Interpreter:

Bcex MonbITOK NCNOJIHEHUA
HoBble BbI30BbI

. -~ Bo3BpaT B MeTOL
[lepexon B Interpreter HOBbIX BbI3OBOB s el

S >
ntepreer 0 a
\

nepexopn B Interpreter nocne return!

azul



HapylwleHne cnekyaaTUuBHbIX

npeannonoXXeHnn
tier 4 not entrant M falled dependencies

120 .

90
o)
®
)
= 60
2 ®a30BbIN Pa30BbIN
g nepexon  atiloests
-
= 0 ,
S / e

Y A

5 QD 5 .0 O 0.9 .0
‘OQ ")q/ ";’) ‘o/\ S VP 660

%,
;@
2,
R 96‘
\9\5\0
O
)
700
7‘35‘
7@0
>

222222222222222222222
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Speed
(with contribution by optimization level)

Cnekynupywu

+ 4 4

Outliers

40.00 50.00 60.00 70.00

Interpreted Tierl (profiling) Optimized

azul
102 ©2023 Azul Systems, Inc. ‘



YTOYHEeHHasa Moaesb
XXWU3HM OOHOIro MeToa

Irap + Bo3BpaT B Interpreter\

10-100+x
C2 C2
bl N 5X
Cl
Interpreter Cl\ 3
BpeMS
2 PR G i S T e o v - R/—/
non-sampling sampling full-speed additional stable
periog period period S?Orgipcl)lgg period
|

azul
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PeakTuBHas Mogenb
Vs
[lpoakTUBHaaA Moaenb

azul
104 ©2023 Azul Systems, Inc. ‘



N Nnpo MO O EJb

BnagunMmp BOCKPECEHCKUWU l
Azul Systems

MennenHasa Java?

[Tpobnembl NPON3BOAUTENBHOCTMN,
KOTOopble HEe cnucaTtb Ha GC 1:06:19

i azul
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AYTCOPCUHI

Outsourcing

azul



CkopocTb & CPU no BpeMeHun (2-vcore KOHTeunHep

Throughput over time

~l

[+)]

Throughput (Kops per second)
(%] w E- (%3]

=

800
Elapsed time (sec)

CPU use over time

800
Elapsed time (sec)

©2023 Azul Systems, Inc.



CkopocTb & CPU no BpeMeHun (2-vcore KOHTeunHep)

Throughput over time

AN O A Yk S

o]

~l

[+)]

Throughput (Kops per second)
= o8] w £ w

[=]
(=]

800
Elapsed time (sec)

—optimized

CPU use over time

L‘A..Lu h’ll

800
Elapsed time (sec)

—optimized

©2023 Azul Systems, Inc.



[lpocTble HabntogeHnS

@ B O0/IbLLUMHCTBE CJZIyHa€eB KO NMPUJIOXKEHUNSA:

@ BbinoJsiIHAeTCA MHOXXeCTBO pas3

@ BbinosiIHAeTCA Ha pa3HbIX YCTPOUCTBaX

@ BblnonHAeT oAMHaKOBbIe 3a4a4/ B pa3HbIX 3anyCcKax M Ha pa3HbIX
YCTPOUCTBA

@ VimeeT orpaHM4YeHHOE MHOXXEeCTBO Pa3J/IN4HbIX CLleHapueB UCMOJIHEHNS

@ DTO BepHO Aa)ke A1 YacTO OOHOBNAOLWNXCA MPUIOXKEHUN...

@ Korpa JVM penaet nnyHo gnsg cebs onTtuMn3aumnio U NCNOJIb3yeT ee
ONHOKPATHO, OHa “TepdeTca’ nNpu nepesanycke

azul
121 ©2023 Azul Systems , Inc. I- :
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OnTnMn3aynm MO>XXHO nepencnosib3oBaTb...

[1a>Xxe *cnekynaTuBHbIe*
ONTUMN3ALLNMN...

azul
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Cloud Native Compilert

©2023 Azul Systems, Inc.

Kog+Assumptions
Optimized Code

0x3000fe50 pushq %rax
0x3000fe52 cmpl $0, %gs:104
0x3000£fe5b jne 127 ; ABS: 0x3000fedc

0x3000£fe5d movl B(%rsi), %ecx // NPE->
0x3000fet5

0x3000£fe60 testq %rex, Y%rex
0x3000£fe63 je 115 ; ABS: 0x3000fed8
0x3000£fe65 cmpl $7, %ecx
0x3000£fe68 ja 20 ; ABS: 0x3000fe7e
0x3000fe6a xorl %edx, %edx
0x3000fe6c xorl %eax, %eax
0x3000febe nop
0x3000fe70 addl 12(%rsi,%rdx,4), %eax
0x3000£fe74 incq %rdx
0x3000£fe77 cmpq %rcx, Yerdx
0x3000fe7a jl -12 ; ABS: 0x30001fe70
0x3000£fe7c popq %rcx
0x3000fe7d retg
0x3000fe7e movl %ecx, %r8d
0x3000£fe81 andl $7, %r8d
0x3000£fe85 movq %rcx, Yrdx
0x3000£feB8 subq %r8, %rdx
0x3000fe8b je -35 ; ABS: 0x3000fe6a
ix3000£fe8d leaq 28(%rsi), Yerax
000£fe91 pxor %xmmO0, %xmm0
10fe95 movq %rdx, Y%rdi
1fe98 pxor %xmm1, %exmm1
e9c nopl (%rax)
eal movdqu -16(%rax), %exmm2
fea5 movdqu (%rax), %xmm3
0fea9 paddd %xmm2, %xmm0
00fead paddd %xmm3, %exmm1
000febl addq $32, %rax
0x3000£feb5 addq $-8, %rdi
0x3000£feb9 jne -27 ; ABS: 0x3000feal
0x3000febb paddd %xmm0, %xmm1
0x3000febf pshufd $78, %exmm1, %xmm0
0x3000£fec4 paddd %xmm1, %xmmO0
0x3000£fec8 phaddd %xmmO0, %exmmO0
0x3000fecd movd %xmm0, Y%eax
0x3000fed1 testl %r8d, %r8d
0x3000£fed4 jne -102 ; ABS: 0x3000fe70
0x3000fed6 jmp -92 ; ABS: 0x3000fe7c
0x3000£fed8 xorl %eax, %eax
0x3000feda popq %rcx
0x3000fedb retq
0x3000fedc movq %rsi, (%rsp)
0x3000fee0 movabsq $805334400, %rax
0x3000feea callg *%rax
0x3000feec movq (%rsp), %rsi
0x3000fef0 jmp -152 ; ABS: 0x3000fe5d
0x3000fef5 movabsq $805319872, %rax
0x3000feff movl $7, %edi
0x3000££04 callg *%%rax
0x3000££06 addq $-8, %rsp

0x3000££0a jmp -50575 ; ABS: 0x30003980 =
StubRoutines::deoptimize

0x3000££0f int3

Oxf££0
0x65833¢c256800000000
0x757f
0x8b4e08

0x4885¢c9
0x7473
0x83£907
0x7714
0x31d2
0x31c0
0x6690
0x0344960c
Ox48ffc2
0x4839ca
0x7cfé
0x59
0xc3
0x4189c8B
0x4183e007
0x4889ca
0x4c29¢c2
0x74dd
0x488d461c
0x660fefc0
0x4889d47
Ox660fefc9
0x0£1£4000
0xf30£6£50£0
0xf30f6£18
0x660ffec2
0x660ffech
0x4883c020
0x4883c7£8
0x75e5
0x660ffecs
0x660£70clde
0x660ffecl
0x660£3802c0
0x660£7ecO
0x4585¢c0
0x759a
Oxeba4
0x31c0
0x59
Oxc3
0x48893424
0x48bBB06A003000000000
0x££d0
0x488b3424
Oxe968ffffff
0x48b8c034003000000000
0xb£f07000000
0x££d0
0x4883c4f8
0xe9713affff

Oxce

Assumptions

Only one implementor of
Animal.getColor() exists
Assertions are disabled
Bar has no subclasses

Today is Tuesday
FastDoof.buf is truly final

Locale.default() is ENGLISH

Longest String seen
so far is <128KB

The actual code for
SomeUtil.computeStuff() is {...} and it
checksum is Ox651712365
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CkopocTb & CPU no BpeMeHun (2-vcore KOHTeunHep)

Throughput over time
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VM K/INEeHTbI “ " coobwatT B Cloud Runtime:

@ Kakne Knaccbl U Korga 3arpy>xatT, JTMHKYT, UHALWAJIU3NPYIOT

@ Kakue MeTobl N KOrga nepBbliv pa3 Bbi3biBAOTCA M KOrga CTaHOBATCA
ropavymmm

@ Kakne 3aBUCUMOCTU Y CMNEKYNIATUBHbBIX KOMMUAALIANA N OT KaKnX
COCTOAHUN VM OHWN 3aBUCAT

azul
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Cloud Runtime * " coBetyeT VM KnmneHTam:

@ 13 Kakoro obpa3sa ctapToBaThb (restore) B A4 yCTpaHeHUa warmup
da3bl

@ Kakne KslacChbl N KOrga NpoakTUBHO 3arpy>kaTb, JIMHKOBATb,
MHULUMANN3NPaTh

@ Kakne meToabl 1 KOraa npoakTUBHO KOMMOUANPOBATH W
MHCTaJI/INPOBAaThb
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MXusHeHbin unmkn Cloud Native VM

[1po
class class
Foo. initialized initialized
VM started - ZdOOd Igfcfs
oade
Linked method Lo first
bar, bgz - used
compiled method method
bar called baz called
9:00 9:30 10:00 10:30 11:30
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CkopocTb & CPU no BpeMeHun (2-vcore KOHTeunHep)

Throughput over time
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Cloud Native Runtime == bbicTpee, Bbille, CunbHee

Throughput over time
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Cloud Native Runtime == 2ddekTnBHeE

Throughput over time
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Cloud Native JVM

@Cloud Runtime
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