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Agenda

 |Introduction: Java at Alibaba

« Alibaba Dragonwell: Optimizing OpenJDK for Our Needs

» ElasticHeap
 JWarmUp

« JFR Extensions
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Alibaba Infrastructure

ANT CJ

FINANCIAL  Alibaba Cloud
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Alibaba lives on JVM
DOBBO fastjson R

Ol
BOOT . APACHE ‘% A ‘j w
¥ pmetmEy m» clasticsearch  Spark” @
/ Netty -

Apache Tomcat

Web & Application Server RPC In-Memory Database Big Data

&

= Java Usage in Alibaba (approx.)
10,000 developers
100,000 applications
1,000,000 JVM Instances
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Worldwide Cloud Services Partner

OpendJDK, AJDK and Dragonwell

) |
| Alibaba |
| Dragonwell :
' |
' |
JET B |
-1 [
R | :
G y
GC Runtime Compiler  Tools
Open)DK ﬂ

Plan to ‘'ship’ ALL of them to Alibaba Dragonwell
and talk to OpenJDK community for contribution
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Worldwide Cloud Services Partner

Alibaba Dragonwell

* A customized downstream of OpenJDK with free LTS

e https://github.com/alibaba/dragonwell8
e GAIn June 2019

« Default JDK distribution in Alibaba Cloud
 Released guarterly

« Dragonwellll will be avallable at end of 2019

Alibaba
[==)) Dragonwell
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Agenda

 Introduction: Java at Alibaba

« Alibaba Dragonwell: Optimizing OpenJDK for Our Needs

» ElasticHeap
 JWarmUp

« JFR Extensions
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Characteristics of Cloud

« Consolidation(shared system with varied workloads)
CPU, memory, storage
« Isolation

Virtualization for security
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Worldwide Cloud Services Partner

JVM vs Hypervisor(Similar to Container)

Process Process
VS A B
Operating Operating
Operating System System System
JVM’s view Hypervisor’s view
» JVM Is managing resources on » Hypervisor Is managing
behalf of user resources used by each Guest
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Dynamic Memory Scalability

» Cloud offering model is "pay-as-you-use”
» JVM heap sizing strategy is “static”

» -Xmx must be configured statically at launch time
* [nability to return “unused” memory to OS

» Vertical Scalability: scale up/down memory used by JVM on demand

ElasticHeap: Scale memory utilization according to application’s needs
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Worldwide Cloud Ser

G1 Basic Concepts

» G1, Introduced In Java 6, fully supported .....
from Java’7 u4, made as default in Java 9 .....
Fs

E: Eden(young)

S: Survivor(young)
O: Old(old)

H: Humongous

F: Free

e Generational

* Region-based
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safepoint

ElasticHeap —

Concurrent Thread \ SYNOPSIS

#include <sys/mman. h)

|

void *mmap(void *addr, size t length, int prot, int flags,

int fd, off t offset);
int munmap (void ¥addr, size_ t length);

Offload map/unmap operations from VM thread in STW to concurrent thread
Joker 2019 12
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User Story of ElasticHeap

traffic peak | traffic peak
Starts ~’ y\ /ends job job job Job
CPU utilization memory
| |

Reset Zoom

emory usage

job job

Offline
job

Offline
(o]

memory
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Worldwide Cloud Services Partner

User Story of ElasticHeap

traffic peak | traffic peak
Starts / i /ends job job job Job
CPU utilization memory
Reset Zoom 1

emory usage

job job

Offline
job

Offline
job

memory
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Agenda

 |Introduction: Java at Alibaba

» Alibaba Dragonwell: Optimizing OpenJDK for Our Needs

» ElasticHeap

« JWarmUp

« JFR Extensions
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Warmup Overhead In Java
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cpu%(in user time)

5 6 / 3 9
time(in seconds)

- Observation #1 High CPU consumption

. Compiler threads consume much more CPU
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. (-] Alibaba Cloud | Q&%
Wa.r m u p OV er h ead I n Real CaS e Worldwide Cloud Services Partner

cpu%(in user time)

5 6 / 3 9
time(in seconds)

- Observation #1 High CPU consumption
. Compiler threads consume much more CPU
- Observation #2 Longer response time(RT)

- Most methods are executed In interpreter
Joker 2019 18
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Worldwide Cloud Services Partner

‘ Traffic Control

Warmup by Mock Requests

Mock requests

RISKY: may NOT produce desired optimization
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Worldwide Cloud Services Partner

Warmup Techniques in JVM

* Ahead-of-Time(AOT) compilation

* Experimental feature in JDK9
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Worldwide Cloud Services Partner

Warmup Techniques in JVM

* Ahead-of-Time(AOT) compilation
* Experimental feature in JDK9

» Cache compilation
* "Dynamic AOT" in Opend9
» “Compile Stashing” in Zing
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Worldwide Cloud Services Partner

Warmup Techniques in JVM

* Ahead-of-Time(AOT) compilation
* Experimental feature in JDK9
» Cache compilation
* "Dynamic AOT" in Opend9
» “Compile Stashing” in Zing
* "Trace-and-Replay’ compilation
» ReadyNow In Zing
« JWarmUp in Alibaba Dragonwell
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Worldwide Cloud Services Partner

JWarmUp Overview

Traffic Control

Beta Production

Record Warmup

< 4
Joker 2019 23




WarmUp Profile

« WarmUp profile mainly contains
v’ Class info
v Method info

» Stored In binary format as file on disk

* Recorded once In previous run, distributed

and used for all subsequent runs.

* Doesn’t support merge

Joker 2019
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Worldwide Cloud Services Partner

version number
magic number

file size

crc32 of total file
appid

record count

record time

record size
record count
class name

class loader name
class path

class name

class loader name

class path

method name
method signatue
init order
method size
method hash

bci

class name

Lo BB BB B B B &

string
string
string
string
string

string

Fal Fal FaM Fan Fal Fal Fal
| | I I I | |

<-- header

version number
OXBABA

tile size

crci2

appid (not use yet)
number of records
UTC time

et Fat Fat M M M M
i i i i i i i

<-- 1nit order section

size of this section
record count

class name

class loader name
class file path
class name

class loader name

M M M M M M M M
i i i i i i i i

class file path

- method name

- method signature

- first 1nvoke init order

- method bytecode size

- method hash value

- 1f bci > -1, then is OSR compilation

- class name

24
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Worldwide Cloud Services Partner

JWarmUp API

Gives DevOps new control over JIT complilation

. Trigger warmup compilation after com.alibaba.jwarmup
JWarmUp

4 O
appllcatlon startup < done. \ @ ¢ notifyApplicationStartUplsDone() : voic

o checkIfCompilationlsComplete() : boolean

. Let user requests come Iin aftel/

warmup compilation is done

g ithub: https://github.com/alibaba/dragonwell8 jdk/blob/master/src/share/classes/com/alibaba/jwarmup/JWarmuUp.java
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(-] Alibaba Cloud | Q8§

Worldwide Cloud Services Partner

JWarmup Compilation Process

G Reqguests come In

o checkfCompilationlsCompletef) : boolean

0 notifyApplicationStartUplsDone() : void

o Trigger WarmUp done
complilation eagerly

3

€© Check warmup is

3

NN NS

o . Parse warmup profile  Eagerly load/initialize necessary
» compile methods if classes in safe way
condition Is satisfied. »  Submit for compilation

0 ithub wiki gul de. https://aithub.com/alibaba/dragonwell8/wiki/Alibaba-Dragonwell8-User-Guide
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Worldwide Cloud Services Partner

Pitfalls In Class Initialization

Normally, Bar.<clinit> is triggered by Bar.test() in Foo().test()

2 public class Foo { - )
3 public static int count = 0; - public c}ass EaF {_
Ae public void test () { 3 public static int count = 0;
5 Foo.count++; 4¢e static {
3 Bar.test() ; 5 Bar.count = Foo.count:;
y \ o Bar.count ++;
1 }
8 static void test () {}
new Foo().test(); 1-> Foo.count 2 = Bar.count

Joker 2019 27
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Worldwide Cloud Services Partner

Pitfalls In Class Initialization

Initializing Bar eagerly is WRONG!

public class Foo {

public static int count = 0;: public E%ESE Ea? {_
. public void test() { public static int count = 0;

Foo.count++: 4 e static |
Bar.test(): Bar.count = Foo.count;
Bar.count ++4;

ad a0

-] O N = Ll B

-] O 1 W=

h
static wvoid test () {}

LA

Bar.<clinit> 1 - Bar.count x

NOT safe to Initialize class EAGERLY!

Joker 2019 28
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Worldwide Cloud Services Partner

notifyApplicationStartuplsDone() AP|

* Hint by application owner

* The Initialization of application is done(assumption: almost of all classes have been
Initialized by application itself)

* Try best to do ‘SAFE’ initialization for remaining classes EAGERLY after calling API

notifyApplicationStartuplsDone()

!
O
\—Y—I \_Y_I

Initialized by application itself initialized by JIWarmUp eagerly(safely)
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Worldwide Cloud Services Partner

Optimized Results by JWarmUp

cpu%(in user time)

6 { 38 10 11 12 13
time(in seconds) Base —JWarmUp

d Peak CPU usage has been reduced from 75% to 56%
 Time range In peak has been reduced from 8s to 2s

d 99.9th response time has reduced from 100ms to 80ms
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Worldwide Cloud Services Partner

JIT and JWarmuUp
JIT JWarmup

* Reactive compilation, user CAN NOT directly invoke -« Proactive compilation, user can trigger it explicitly
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(=) Alibaba Cloud | Q%%

Worldwide Cloud Services Partner

JIT and JWarmuUp

JIT JWarmup
- Reactive compilation, user CAN NOT directly invoke < Proactive compilation, user can trigger it explicitly
 Need runtime information as inputs, dynamically  Need runtime information as inputs, some of them
collected In runtime. are from log In previous run
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Worldwide Cloud Services Partner

JIT and JWarmuUp

JIT JWarmup
- Reactive compilation, user CAN NOT directly invoke < Proactive compilation, user can trigger it explicitly
» Need runtime information as inputs, dynamically * Need runtime information as inputs, some of them
collected In runtime. are from log In previous run
» Resolution status for external references « Resolution status for external references
* All of classes are resolved by runtime lazily » Some of classes are resolved eagerly(safely)
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Worldwide Cloud Services Partner

JIT and JWarmuUp

JIT JWarmup
- Reactive compilation, user CAN NOT directly invoke < Proactive compilation, user can trigger it explicitly
» Need runtime information as inputs, dynamically « Need runtime information as inputs, some of them
collected In runtime. are from log In previous run
» Resolution status for external references « Resolution status for external references
* All of classes are resolved by runtime lazily » Some of classes are resolved eagerly(safely)
* Runtime profiles » Runtime profiles
» Block profiling « Only method profiling recorded in log in current
» Edge profiling implementation, used to proactively compile
» Value profiling methods.

* Method profiling

Joker 2019 34
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Worldwide Cloud Services Partner

ReplayCompiles and JWarmUp

d Only existed in debug version d Used In production
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Worldwide Cloud Services Partner

ReplayCompiles and JWarmUp

d Only existed in debug version d Used In production
4 Find root cause of crashed java d Eliminate the warmup overhead at
process in compiled method application startup.
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Worldwide Cloud Services Partner

ReplayCompiles and JWarmUp

d Only exists in debug version d Used In production
4 Find root cause of crashed java d Eliminate the warmup overhead at
process in compiled method application startup.

J Only repeats the compiling process Repeats the compiling process for all

for last compilation task recorded methods(concept is similar)

167 ciMethodData java/lang/Object <init> ()V 2 1421 orig 304 240 16 136 32 101 43 0 0 0 0 C
168 ciMethod java/lang/ClassValueSEntry <init> (Ljava/lang/ClassValue$Version; )V 0 0 1 0 -1
169 ciMethod Java/lang/ClassValueSVersion <init> ngggf;ﬂggfclassﬁalue Jjv1110-1

470 ciMethodData java/lang/ClassValueSVersion <init> ava/lang/ClassValue; )V 1 0 orig 304

compile 1@Eﬂf;ﬂggfCla55?alue$?er519n <init> L;gggf;ﬂggfﬂlaﬁzﬁalue )V -1 3
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Agenda

 Introduction: Java at Alibaba

» Alibaba Dragonwell: Optimizing OpenJDK for Our Needs

» ElasticHeap
 JWarmUp
* JFR Extensions

v' Motivations

v' Excessive GC pauses

v' EXxcessive de-optimizations
v Implementation
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Java Flight Recorder (JFR)

* Open Source In OpenJDK 11
» Backport into AlibabaJDKS8 for internal use

* Included in Alibaba Dragonwell

« Working with the community to contribute back to OpenJDK8u = 8u-jfr-incubator

Aleksey Shipilév @shipilev - Aug 20 v
JFR backport for 8u Is coming along nicely (Azul, Alibaba, Red Hat and

others have contributed). We now have something operational in
Jdk8u/jdk8u-jfr-incubator: mail.openjdk.java.net/pipermail/jdk8...

guangyu.zhu guangyu.zhu at aliyun.com o P 2 T__l- 1? @ 33 |i|

Re: Proposal for back-porting JFR to OpenJDKS8u

M

Tue Jan 29 11:41:35 UTC 2019

e Previous message: [8u] Request for approval for CR 8215318 - Amend the Standard Algorithm Names specification to clarify that names can be defined

in later versions
e Next message: Proposal for back-porting JER to OpenJDK8u
e Messages sorted by: [ date ] [ thread ] [ subject ] [Lauthor ]

Hi th

JFR back h h b aded dk. P h f h h
Vebrev:

http://cr. openjdk. uchsh/hs jf

http://er. openidk uchsh/ jdk_jf
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Worldwide Cloud Services Partner

GC Performance Basics

* Frequency
» How frequent are the GC pauses?
* Duration

* How long are those GC pauses (Stop-the-World) can you tolerate?

Joker 2019 40



(-] Alibaba Cloud | Q¢
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Young GC (YGC) in G1

Young GC

Eden sSurvivor Old COPy{yl , Y2, Sl}

 G1 uses Mark - Copy algorithm to do the collection
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Worldwide Cloud Services Partner

Young GC (YGCO) In G1

Young GC

Eden sSurvivor Old COPy{yl , Y2, Sl}

 G1 uses Mark — Copy algorithm to do the collection
* Rule #1: Frequency of a YGC event Is dominated by
* Application object allocation rate

» Size of eden space
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Worldwide Cloud Services Partner

Young GC (YGCO) In G1

Young GC

Eden sSurvivor Old COPy{yl , Y2, Sl}

 G1 uses Mark — Copy algorithm to do the collection [Cheney, 1970]
* Rule #1: Frequency of a YGC event Is dominated by

* Application object allocation rate

» Size of eden space
* Rule #2: Pause time of YGC Is dominated by

* size of live objects, not dead.
Joker 2019 43
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Worldwide Cloud Services Partner

GC Challenge: Why Pause Happened Frequently?

@ Stacked Q Sfream  Q Expanded @ User sys @ iowait hardirg @ softirg
cpu% ***

30.00% M . \. \/NIIII | /ﬁ\’“'u'h\. Vfﬁ "\ , /-/\f\\\“ u"'h:h f."w IIH\ | }/\N”ﬂw/‘\\ / //\' ﬁﬁl \xnﬁf ﬁ\\: IMV"'W\
\ . \ ;;' 1 x | 1_1 ;J .IH'H.,

\
20.00% / | J
[ Y
i i

i n_‘w’-"

I|
f
[

,.f'l
\ .
b

'IIILI | 4
\"\,,j!

10.00%

L I|I
. Rt
0.00%

232 @ count - G1 Young Gen... count - G1 Qld Gener...
ygc count

R |
‘:/ . i . W MWV

0

time

GC Spikes
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Questions In YGC

* What allocated the most objects?

0412584
0493610
1Z2ed167
0779854
.05595919
.0436882
. 3830953
.35956484
0797925
2047217

Lllocation Failure) |12018-05-17T721:09:04.95340800: 16.569: [ParNew: 921899K
2018-05-17T21:09:09.680+0800: 21.302: [ParNew: 927756K
2018-05-17T21:09:11.042+0800: 23.258: [ParNew: 935B808K
Failure) |2018-05-17T21:09:16.322+0800: 27.938: [ParNew: 935008K
Failure) §2018-05-17T21:059:28.447+0800: 40.063: [ParNew: 947859K
Failure) §2018-05-17T21:09:34.607+0800: 46.223: [ParNew: 92¢01l1K
Failure) §2018-05-17T721:09:39.122+0800: 50.738: [ParNew: 9%96l086K
Lllocation Failure) |12018-05-17T721:09:41.37240800: 52.988: [ParNew: 96l216K
Lllocation Failure) §2018-05-17T21:09:52.437+0800: ©4.053: [ParNew: 90l216K
)

2018-05-17T21:10:27.194+05800: 96.810: [ParNew: 9S6lZl6K

GC
GC
GC
GC
GC
GC
GC
GC
GC
GC

Allocation Faillure
Lllocation Failure

)
)
)
)

( 0
{ 0
{ (0
( 0
{ 0
( 0
( 0
{ 0
( 0
( 0

Lllocation Failure

Deciphering the GC log files Is simply daunting
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Agenda

 Introduction: Java at Alibaba

» Alibaba Dragonwell: Optimizing OpenJDK for Our Needs

» ElasticHeap
 JWarmUp
* JFR Extensions

v' Motivations

v' Excessive GC pauses

v' EXxcessive de-optimizations
v Implementation
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JIT Basic Concepts

* Mix mode execution
* Profile Guided Optimization
* Optimization decision are made dynamically

» Ball to interpreter If the assumption Is wrong

Interpreter
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Top Reasons for Deoptimization

UnStable |f if (condition) {
Null check
Class check

Bimorphic }

} else {
de-optimize

J

SN—

Deoptimization Is very expensive If speculation is wrong:
fall back to interpreter and wait for re-compilation
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JIT Challenge: Why Deoptimization Happened Frequently?

(=) Alibaba Cloud | Q%%

Deoptimization Number by Minute

Bursty traffic comes in

400
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- 0T:0
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- 00
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- 200
- T00
- 00:0
. B6SIET
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Questions In JIT Performance

o O o OO Co
L = Lo [N =2

Co

5100L
3loe3
3loe3
3loe3
31751
31752
31803
31804
31804
31805
31805
31806
31808
318095

154

1073
1075
10706
1077
125
1078
930
590
1079
291
1080
1083
1084

TR = W B L™ B =T = W R o RS VR o O B W B )

How we can avoid JIT deoptimization?

UL 1L oo LLEAIILIICOUED o (SIS ULISUPDEIL S (L0 DY LES)
lava.lang.StringBuilder: :append (10 bytes)
lava.lo.outputStreamWriter: :flushBuffer (8 bytes)
lava.utll.Formatter: :accesss5000 (5 bytes)
lava.lang.StringBuillder: :<1nit> (7 bytes)
lava.lang.StringBuillder::<init> (7 bytes made not entrant
Com.sun.org.apache.xerces.internal.dom. ParentNode: :<1init> (21 bytes)
spec.1bb.0Order: :processlines (240 bytes) made not entrant
spec.1bb.0rderline: :validateAndProcess ($3 bytes)
spec.1bb.0rderline: :validatelAndProcess (§3 bytes)
spec.1bb.0Orderline: :process (181 bytes)
spec.1bb.0rderline: :process (181 bytes)
spec.1bb.Stock: :getData (14 bytes)
spec.lbb.Stock: :1increment¥TD (14 bytes)

made not entrant

made not entrant

(-XX:+PrintCompilation example)

Joker 2019
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Agenda

 |Introduction: Java at Alibaba

« Alibaba Dragonwell: Optimizing OpenJDK for Our Needs

» ElasticHeap
« JWarmUp
 JFR Extensions

v' Motivations

v' Excessive GC pauses

v' EXxcessive de-optimizations
v Implementation
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Worldwide Cloud Services Partner

The JFR State of Art

» Support TLAB allocation statistics by

* EventObjectAllocationOutsideTLAB

TLAB1 TLAB2 TLABS3

» EventODbjectAllocationinNewTLAB
|

* Very useful to check If the occurrence of allocations eden
outside of the TLAB is significant

Thread © Count Average TLAB Allocation Average Allocation Qutside TLA... Est. TLAB Allocation  Total Allocation Qutside TLABs
by ottt I T @y we T
@ AsyncAppender-Worker-createParamsAppender-async ‘ 2933 17.2KiB 28 KIB 191 Mi b5 MiB
 pool-55-thread-1 ‘ 1,783 6728 G098 137 MiB LAMIB

Notes: all events only occurred in slow path(not in compiled code)!
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JFR Options

¢ -XX:+EnableJFR // Enable JFR feature.

« -XX:FlightRecorderoptions // options for flight recorder
- sampleobjectallocations // true or false
- objectallocationssamplinginterval=2048

// sampling 1nterval, measured by allocation count

JFR OPTS="-XX:+Enable]FR _HKIF;ighIREEDTdETGHIiDﬂE:EaKH;EDﬂ:EETa;;DCaTiDHE:tTJE,Dﬁj%ﬁta;;DCaIiDHEEaKD;iHQLHIETTalzlm:
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Sample Object Allocation

=TLAB in T1 =TLAB in T2

pseudo code tlab t"p

current = tlab_top;
end = current + klass_size;

1T (end > tlab_end) {
goto slow_path;
}

tlab_end = end;
1n1t_obj(obj, end);
jfr_sample_fast_alloc
slow_path:

// synchronize with other t
tlab

jfr_sample_slow_alloc

ﬂab end

ads to get new

Joker 2019

Free Eden

Eden End

(=) Alibaba Cloud | Q%%

Worldwide Cloud Services Partner

Do the object allocation
sampling both In fast and

slow path!
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Sampling Implementation in Assembly

--— object 1initialization ---

0x00007faedfalfdic:
0x00007faedfalfd3e:
0x00007faedfalfd3s:
0x00007faedfalfd3d:
0x00007faedfalfdct:
0x00007ftaedfalfdce:
0x00007faedfalfdds:
0x00007faedfalfddc:
0x00007faedtfalfdes:
0x00007faedfalfdet:

0x00007faedfalfdfy:

0x00007faedfalfell

moy 50x7faeedicS180,%5rl0

RN
e

(2rl0),%5rlld
s0x1,%rlld.

1e 0x00007faedfalfdcs

may
add

moy 50x7faeedlceldl, 5rl0
> callg *5rl0

s0xl,%5rlid
0xle0(%rls),zrld
rl0, 0xlel(%rl3)
OxleB (5rls),zrll
srli,zrll.
0x00007faedfalfd4ds

; enable sample flag address =
; enable sample flag =
; 1f enable sample flag 1s true?

; 1f true, jJump to sample object allocation. /

; alloc count = 1;
; alloc count = alloc count + thread->trace data()->alloc count();

; next alloc count for sample

; Otherwise,jump to runtime call to fire JFR event.

ObjectProfiler::enabled flag address();
*enable sample flag address;

#1. Check If sampling flag
IS enabled

sampleobjectallocations

; thread->trace data()->set alloc count(alloc count);

thread->trace data()-> next alloc count for sample()

; check 1f we should sample current allocation.
; If not, just skip 1it.

#2. Check If the current
allocation Is sampling target

objectal locationssamplinginterval

#3. Do the sampling and fire JFR event
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Object Allocation Events Extension

src/share/vm/trace/traceevents.xm|

<!-- Allocation events -->
<event jd=* OptoInstanceObjectAllocation “ path="java/opto_instance_object_alloc" Tabel="Opto instance object allocation"

description="Allocation by Opto jitted method" has_thread="true" has_stacktrace="true" is_instant="true">

<value type="CLASS" field="objectClass" Tabel="0Object Class" description="Class of allocated instance objec t"/>

<value type="ADDRESS" field="address" Tabel="Opto Instance Object Allocation Address" description="Address

of allocated instance object"/>

Jevent> Opto(prefix): only generated in c2 compiled code

<event id="“ OptoArrayObjectAllocation " path="java/opto_array_object_alloc" Tlabel="Opto array object allocation " description="Array

has_stacktrace="true" is_instant="true >

Allocation by Opto jitted method" has_thread="true
<value type="CLASS" field="objectClass" Tabel="0Object Class" description="Class of allocated array object"/ >
<value type="ADDRESS" field="address" Tlabel="0Opto Array Object Allocation Address" description="Address of

allocated instance object"/>
<value type="BYTES64" field="allocationSize" Tabel="0Object Size" description="The Array Object Size" />

</event>

Event Types Tree Start Time Event Thread Event Type Opto Instance O... Object Class
Optd| 8/23/1912:12:08 ... Attach Listener Opto array objec... OxFFAAFO18 char[]
8/23/1912:12:08 ... Attach Listener Opto array objec... OxFFAAFOB0 char(]

4 = Java Application 202,052

: : 8/23/1912:12:08 ... Attach Listener Opto array objec... OxFFAAF130 char[]

B Opto array object allocation 185,296 23719 191908 . | Attach Lit oot o FEAAELED | ch
[ Opto instance object allocation 117,756 123/ —ES | ATACN TRTenet pro array ObJec... % char]
8/23/1912:12:08 ... Attach Listener Opto array objec... OxFFAAF200 char[]
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Event Footprint Optimization

* For array objects, size cannot be determined statically
« array_length is a variant
* record array size for every sample
* For instance object, object size can be determined from class
* [nstanceSize = ((InstanceKlass*) klass)->size helper() * HeapWordSize

 Record object size In class constants of JFR binary.

No need to record object size for every instance object event
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Sample Blased

for (1int 1 = 0; 1 < 1000; 1 ++) {
1nstance = new Object();

[
[
[
|
array = new 1nt[1_000_000]; v

_________________ )
} \ 1 3 5 allocation count

The above array allocation event will be missed If
we take ‘2" as the sampling interval

* Periodicity bias Issue
» Consider introducing statistical distributions, e.g., Poisson,
In future work
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JMC Extension(JMCX)

« JMCX: command line tool to parse JFR event results
* Use the API provided by jmc-core library.

 Usage: jmcx flamegraph

Flame Graph

|
|

I

I

8 lorg.apac I ucene.codecs.compressing.C..
1 |org.apac e.codecs.compressing.C.. or..
_

I
org.apache.lu..
org.apache.lu..

org...
org..
org..
0rg..

Use memory flame graph to identify the most frequent
code-paths accurately
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Sampling Overhead
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Sampling Overhead

 When 'sampleobjectallocations’ is false.
v' Sampling code will not even be generated (at compile time)

v Nothing impact on real workload.
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Sampling Overhead

 When 'sampleobjectallocations’ is false.
v' Sampling code will not even be generated (at compile time)
v Nothing impact on real workload.
* Otherwise
v' The overhead is dictated by how often it samples object allocation event

v" ‘objectallocationssamplinginterval’
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Reduce ODbject Allocation by Profiling Feedback

J |
| | |
| § | |
I'n |
] | || |
I i Il |
s |
= Have been almost optimized |
m out! | 1 L.
| | 1 i
lo..! | ||
= i ' | |
| |
- . i The YGC frequency has been
| com.. NN | 1
void com.tacba.. fJ | | | | I
 vodcmtaoba | | jvalang Ot | O db
void com.taoba..  § | | | | ISEERGIOBE. | re u Ce
- NoIiomettiehm M | | PV | | Java.lang.Object ..
void io.netty.ch.. | | [l |  void org.glassfish.. [ o 0O
L] ) N ||  void org.glassfish.. | 0O
B o8 | ] ByteEs | | void org.glassfish... | [| [
i B B oytel. | I | | void org.glassfish.. | B
aal e a | © java.util.List com.alibaba.csp.sentinel.slots.statistic.metric. ArrayMetrlc ~ void com.alibaba..
il B | 0| CION) by || \void com.sun.net.. §
| void | [l com.t.. | [ SN jENN void com.al.. ll_l il
1 | |comt. [ voi.| |@ava com.sun.net.. [
| COCESMOMENVNES | | java.ut. boo.javas | boolean java.util.concurrent. ! |V°'d5“""ethﬁp |
| I. boolean io.netty.ut.. -; ava.uti.. [T B boolean java.util concurrent ScheduledThreadPoolExecutor$Sd1eduledFutureTask access..  void com.sun.net.. | =
| void io.netty.channel.n..  |SOIIGOMIESOBAONINN Void java.util.concurrent.ScheduledThreadPoolExecutor§ScheduledFutureTaskirun() " void sun.net.http.. [

| Woidioiettyuilconcus  void ava.utl.concurrent. ThreadPoolExecutor.runWorker(java.uti concurrent ThreadPoolEvecutorsWorker) |
18 I OIGhCOmEEOBEOMSRIORY o jva.ut.concurren.ThreadpoolExecutors Worker.run() L L

void com.alibaba.wisp.engine.WispTask.access$000(com.alibaba.wisp.engine.WispTask)
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Traditional ‘Feedback Direct Optimization’ (FDO)

Instrumented

profile

{ feedback }
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FDO In AlibabaJdDK

user requests user requests
VN VN N
[ JVM J IVM }

®© feedback to JIT

© record\ compilation policy file
L\ compilation.jfr \}/////////’

................ (Gr+g|nalrun) (Subs.equen:truﬂ))

@ mcx createcompilationpolicy : create compilation policy file from JFR events
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Deoptimization Event Extension

src/share/vm/trace/traceevents.xm|

<event id="Deoptimization" path="vm/compiler/deoptimization"

label="Deoptimization®” has_thread="false" 1s_instant="true">

<value type="STRING" field="className" label="Class Name"/>

<value type="STRING" field="classloaderName” label="Classloader Name"/>
<value type="STRING" field="f1lePath" label="File Path"/>

<value type="STRING" field="reason" label="Reason"/>

<value type="STRING" field="methodName" label="Method Name'"/>

<value type="STRING" field="signature" label="Signature"/>

</event>
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Compilation Policy File

classloader g
entry

Usage.

sun/misc/LauncherSAppClassloader |

org/spec/ibb/core/generator/CustomerGenerator NULL |
unstable if getLocalCustomerIDsForSM (Ljava/lang/String;)ljava/util/List;
— ( 3] class entry

unstable if generate (IJ)IJjava/util/List;
unstable 1f getCustomersForHQ (Ljava/lang/String;Lord/spec/ibb/sm/CustomerSelectionSCustomerType;)llava/ukil/List;

} method name &signature
org/spec/ibb/core/collections/HashMultiSet NULL {

unstable 1f count (Jjava/lang/Object;)I

null check count (LJava/lang/Object;)I class entry
f unstable 1f update (LJava/lang/Object;I)V 1
I& -------------------------- -'
method item

deoptimization reason

-XX:+UseFeedbakDirectedOpt -XX:FDOPolicyFile="policy file name’

Joker 2019 68



(=) Alibaba Cloud | Q%%

Worldwide Cloud Services Partner

FDO Performance in Production

0/100
Cpu% o,
2 VN S BT Wil
20 NA |4 Ay W A
AN MJWV AU Ty ~10% cpu
50 Y ~ Daseline saving at peak
| ' } —FDO g p
40 time
30
20
10
0 1 3 5 7 9 1113 15 17 10 21 23 28 27 25 41 53 88 57 59 41 43 45 47 49 51 53 6B b7 59 61 63 68 67 69 71 73 73 v7 70 51 63 68 &7 BO 01 63 03 67 69 1011080m071000 1115115117116 T

= Baseline: normal JIT compilation
= FDO: disable speculative optimization based on feedback In previous
run
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Round-up

 Features of AlibabaJDK covered In this talk
« ElasticHeap
« JWarmUp

e JFR extensions

* JFR extension will come to the next release of Dragonwell (stay tuned!)
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