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(0OGLE-WIDE PROFILING:
A CONTINUOUS PROFILING
INFRASTRUCTURE FOR DATA CENTERS

GOOGLE-WIDE PROFILING (GWP), A CONTINUOUS PROFILING INFRASTRUCTURE FOR

J Continuous Profilingfy&RESE 2023

SUMMIT

DATA CENTERS, PROVIDES PERFORMANCE INSIGHTS FOR CLOUD APPLICATIONS. WITH
NEGLIGIBLE OVERHEAD, GWP PROVIDES STABLE, ACCURATE PROFILES AND A
DATACENTER-SCALE TOOL FOR TRADITIONAL PERFORMANCE ANALYSES. FURTHERMORE,
GWP INTRODUCES NOVEL APPLICATIONS OF ITS PROFILES, SUCH AS APPLICATION-
PLATFORM AFFINITY MEASUREMENTS AND IDENTIFICATION OF PLATFORM-SPECIFIC,

MICROARCHITECTURAL PECULIARITIES.

FIG. GWP published by Google in 2010 : low overhead, stable, accurate, scalable
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Continuous Profiling Releases
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FIG. Since GWP, many major vendors have joined

Release

Google Cloud releases
profiler for GA

Release

Amazon releases
CodeGuru profiler for GA

Release

Datadog releases
continuous profiling

Open Source

Pyroscope releases open
source continuous profiler

Open Source

Polar Signals releases parca
(rebrand of conprof)

Release
Splunk releases
“Alway on” profiler

Google releases research paper:
"“Google Wide Profiling: A continuous
Profiling infrastructure for data centers”

Aug 2020

l
>
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Dec 2020
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Continuous Profiling Investments

Acquisition
New relic acquires Pixie
continuous profiler

+
Fundraising

Pyroscope raises seed
round / graduates YC

Fundraising ‘
Polar Signals raises seed
round

Acquisition @ elastic
Elastic acquires optimyze +
(Prodfiler) optm)ze
Acquisition &\ SENTRY
Sentry acquires Specto for N
mobile continuous profiling checro
Acquisition ;ihTeD
Intel acquires Granulate ;
(gprofiler)

GRANLILATE

“Continuous Profiling”

Pyroscope is an open-source solution, acquired by Grafana Lab on 2023-03-15
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Grafana Pyroscope instrumentation methods

Pyroscope SDKs

User application ‘
SDK instrumentation

8 \

Pyroscope SDKs
ado
fes0'F Grafana
or
Grafana Agent
i \ -
User application > Pyroscope or Grafana

0SS Cloud
‘ Auto-instrumentation
€

a ? ‘ Grafana Agent

v

FIG. Architecture of the Grafana Pyroscope
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Capture both JVM and application data . Behind the Scenes: Event Data Flow

« GC
* Synchronization
 Compiler — %
« CPU usage ' - =
* Exceptions o [ Govamter |)
 |/O
Sampling-based profiler ; ——
* Very low overhead: 2-3% —{  Een Globa buter B
Buffers R
* Thread Buffer Af

* Global Buffer . o
* Repository (Disk chunk) 3

Twith event streaming E

FIG. How JFR works in the background: APl events and JVM events as
sources. https://www.infog.com/presentations/monitoring-jdk-jfr



Java: How to collect? Java Flight
Recorder

jdk.ExecutionSample {
startTime = 2023-02-13T05:53:01.646060063Z
sampledThread = "http-nio-8080-exec-482" (javaThreadId = 12559)
state = "STATE_RUNNABLE"
contextId = 0
stackTrace = [
java.util.LinkedHashMap.entrySet() line: 635

java.util.HashMap.putMapEntries(Map, boolean) 1line: 513

java.util.HashMap.<init>(Map) line: 491
io.netty.bootstrap.AbstractBootstrap.copiedMap(Map) 1line: 429
io.netty.bootstrap.AbstractBootstrap.options() line: 417

FIG. The anatomy of a JFR event and a typical
example

2023 | APACHE - SkyWalking
SUMMIT

Event ID

Timestamp (CPU ticks)
Duration (CPU ticks)
Thread ID

StackTrace ID

Event Specific Payload
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async-profiler

This project is a low overhead sampling profiler for Java that does not suffer from Safepoint bias
problem. It features HotSpot-specific APIs to collect stack traces and to track memory allocations.
The profiler works with OpenJDK, Oracle JDK and other Java runtimes based on the HotSpot JVM.

async-profiler can trace the following kinds of events:

CPU cycles

Hardware and Software performance counters like cache misses, branch misses, page faults,
context switches etc.

Allocations in Java Heap

Contented lock attempts, including both Java object monitors and ReentrantLocks
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https://github.com/brendangregg/FlameGraph

total (100%, 120.00 )
Microsoft.AsSystem.Threading!PortableThreadPool.WorkerThread.WorkerThreadStart (94.17%, 113.00 )
Microsoft.A: Microsoft.AspNetCore.Server.Kestrel.Core.Internal.Infrastructure!KestrelConnection<T>.System.Threading.IThreadPoolWorkIt System.Threading!ThreadPoolWorkQueue.Dispatch (42.5%, 51.00 )
Microsoft.A: Microsoft.AspNetCore.Server.Kestrel.Core.Internal.Infrastructure!KestrelConnection<T>.ExecuteAsync (50%, 60.00 ) ‘ System.Net.Sockets!SocketAsyncEngine.System.Threading.IThreadPoolWorkItem.Ex System.Runtime.Compiler:
Microsoft.A System.Runtime.CompilerServices!AsyncMethodBuilderCore.Start<!<ExecuteAsync>d__6> (50%, 60.00 ) System.Net.Sockets!Socket.AwaitableSocketAsyncEventArgs.OﬁSystem.Net.SocketsSystem.Threading!Execut
Microsoft.N Microsoft.AspNetCore.Server.Kestrel.Core.Internal.Infrastructure!KestrelConnection.<ExecuteAsync>d__6<T>.MoveNext (50%, System.Net.Sockets!Socket.AwaitableSocketAsyncEventArgs.InSystem.Net.SocketsMicrosoft.AspNetCoreSys
System!Date MicrosoiMicrosoft.AspNetCore.Server.Kestrel.Core.Internal!HttpConnection.ProcessRequestsAsync<!T@> (45%, 54.00 ) System.Runtime.CompilerServices!AsyncTaskMethodBuilder.AsQSysteﬁSystem.Net.EMicrosoft.MiC| MiciSys
System.Runtime.CompilerServices!AsyncMethodBuilderCore.Start<!<ProcessRequestsAsync>d__12> (45%, 54.00 ) B System.Threading!ExecutionContext.RunInternal (24.17%, 29;Syste Systen |Microsoft Mic* MiciSys
Microsoft.AspNetCore.Server.Kestrel.Core.Internal!HttpConnection.<ProcessRequestsAsync>d__12<TContext>.Move Microsoft.AspNetCore.Server.Kestrel.Transport.Sockets!SockSyste Systerill ExanMicrog Sys
MicrosoiMicrosoft.Microsoft.AspNetCore.Server.Kestrel.Core.Internal.Http!HttpProtocol. SystenSyste Microsoft.AspNetCore.Server.Kestrel.Transport.Sock |SystenySys SysHl ExanMicro | Sys
Microso System.Runtime.CompilerServices!AsyncMethodBuilderCore.Start<!<ProceSyster Syste Microsoft.AspNetCoreMicrosoft.AspNetCore.Se Syste ExanMicro g;;
Microsoft.AspNetCore.Server.Kestrel.Core.Internal.Http!HttpProtocol. System.I0.PipeliMicrosoft.AspNe{Microsoi{ |[Systel Pyr¢Micro Mic
Microsoft.AspNetCore.Server.Kestrel.Core.Internal.Http!HttpProtocol. SysiSystem.Runtime.(System. Syste AMicro Sys
System.Runtime.CompilerServices!AsyncMethodBuilderCore.Start<!<Proc Microsoft.AspNe{Microso Syste Systel Sys
Microsoft.AspNetCore.Server.Kestrel.Core.Internal.Http!HttpProtocol. Microsoft.AspN [System.HSlMicro Sys
Microsoft.AspNetCore.HostFilMicrosoft.AspNMicrosoft.AspNetCore.Hos System.Net.So Mic Sys
Microsoft.AspNetCore.RoutingMicrosoiMicro¢Microsoft.AspNetCore. Systen System. Mic Sys
ExampIMicrosoft.Extensiong Mic Microsoft.Extensions E;; Miﬂ
Examp1Microsoft.Extensions Sys Microsoft.Extension Mic Sys
Examp1Microsoft.Extensions Microsoft.Extension Sys Sys
Pyr¢Microsoft.Extensiong Microsoft.Exte Systel Sys
'7 Microsoft.Extension Microsoft.Asp Sys
MiciSystem.Text!Str SysiSystem! Sys
Mic Mic
Mic Mic
Sys Sys
Sys Mic
Sys Sys

FIG. A typical flamegraph
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® Q Azul Mission Control
8F JvM Browser | 3= outline ek <7 § = B | as fcbosfcaBe93dde7d92fed9d051ac92b-1676287022242.jfr X = B8 || welcome X S g
A Jua " : B
8% Automated Analysis Results 5 Java Application L Y=
o o
Ih:f:gd:c ) Threads Focus: | <No Selection> B Aspect:  <No Selection> e Show concurrent: Tina Range: [ Set Claa Azul Mission Control
s Vs
> @8 Memory
€0 Lock Instances L.
L File /0 Thread Profiling Samples Total IfO Time  Total Blocked Time  Class Loading Time Total Allocation Throv Welcome to Azul Mission Control
’g ;“:"“d": - @ reactor-http-epoll-2 1,702 6.406 ms 2.65 GiB [ The JMX Console ()
e o hoC Rroning @ reactor-http-epoll-3 1,696 54.518 us 26GiB
0 :cep:ons @ reactor-http-epoll-1 1,684 62.716 ps 2.6 GiB as The Flight Recorder  (7)
{_97 read Dumps @ reactor-http-epoll-4 1,666 33.057 us 261GiB
v .(,iVM Internals - And plug-ins... (3
(Il Garbage Collections
[% 6C Configuration
[IE igurati CPU Usage 100 % QHans_
Il GC Summary [ Machine Total

> (3, Compilations
(® Class Loading

@ [l VM + Application

Method Profilin
g [l used Heap

T 5 e e [

&2 VM Operations . 4 GiB Method Profiling
¥ATLAB Allocations Alocation TT m HF—W m m W ﬁﬂ m mm el WHW m m ﬁm mf—\ m m Wﬁﬂ ETotal Allocation
v @ Environment Throwables 0.5 W Throwables
L& Processes hread Activity
Environment Variables 2/8/2023 10:25:00 AM 10:30:00 AM 10:35:00 AM 10:40:00 AM 10:45:00 AM 10:50:00 AN
<> System Properties
3 Native Libraries
%,ivz::;:::l, = Stack Trace | d; Flame View E &@® sampesv § = O
Stack Trace Samples Percentage
f‘ void sun.netwww.http.KeepAliveCache.put(URL, Object, HttpClient) 360910 155 %
1 void sun.netwww.http.HttpClient.putinKeepAliveCache() 360910 155 %
1 void sun.netwww.http.HttpClient finished() 360910 155 %
f\ void sun.net.www.http.KeepAliveStream.close() 360896 155 %
1 void sun.netwww.MeteredStream.justRead(long) 360896 155 %
T int sun.net.www.MeteredStream.read(byte(], int, int) 360896 155 %
= 2 2 T intjava.io.FilterinputStream.read(oyte(], int, int) 360896 165 %
(] Properties X | @ Resuits PGS T 1 int sun.net.www.protocol.http. HttpURLC ! yte[l, int, int) 360896 155 %
Field Value 1 int com. \rpcdj.NoC yte(], int, int) 360896 155 %
B EventTIEe TR e = 1, boolean com jackson.core.json. ensurel int) 360444 155 %
(D) start Time 2/8/2023, 10:21:15.00( Ing com iacksan.core jsof. ) 360444 Lo
»® Event Thread Too many values... T JsonParser com.fasterxml.jackson.core.json ser(int, ObjectCodec, ByteQuads 360444 165 %
2.32 x10° events 1’ JsonParser com.fasterxml.jackson.core.JsonFactory._createParser(InputStream, I0Context) 360444 155 %
1 JsonParser com.fasterxml.jackson.core. Y. (! 360444 155 %
T Object com. jackson.databind.Obj; tStream, Class) 360444 155 %
1 JsonNode com.googlecode jsonrpcdj.ReadContext.nextValue() 360444 155 %
1 JsonNode com.googlecode.jsonrpcdj.JsonRpcClient.readResponseNode(ReadContext) 360444 155 %
1’ ObjectNode com.googlecode.jsonrpcdj.JsonRpcClient.getValidResponse(String, ReadContext) 360444 155 %
T Object com. jsonrpcdj.JsonRpcClient Type, InputStream, String) 360444 155 %
1 Object com pcdj.JsonRpcClient Type, InputStream) 360444 155 %
T Object com. .jsonrpcd.. RpcHttpClient.i igil JdVVZwG(String, Object, Type, Map) 360444 165 %
1 Object com. pcdj ittpClient.i JdVV: $SY g(String, Object, 1 360444 165 %
1 Object com. pcdj i y 3.call() 360444 155 %
1 Object org.apache.sky apm.agent.core.plugin.i enhance. cept(Object, Object(], ( 360444 155 %
T Object com. pcdj. RpcHttpClient.invoke(String, Object, Type, Map) 360444 155 %
[ 4
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N

e Container
Object :
s ElasticSearch JVM

O A H/ » SW Java Agent

7. Upload JFR/HTML to OSS 2 Persistent Task
| |

= |
|
/ \ 1. Create a Profiling Task 4. sta}’rt/stop
from Web U 3. Fetch Tasks

users via gRPC async-profiler

I
5. Write
—>»  OAP server v

JFR/HTML files
on disk

<—6. Upload

FIG. Overview of the system design
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pa CKBQC org. example ’ jdk.ExecutionSample {
startTime = 2023-02-13T05:53:01.646060063Z

sampledThread = "http-nio-8080-exec-482" (javaThreadId = 12559)
state = "STATE_RUNNABLE"
contextId = 0
import jdk.jfr.consumer.RecordingFile; stackTrace = [
java.util.LinkedHashMap.entrySet() line: 635
java.util.HashMap.putMapEntries(Map, boolean) line: 513
impo rt java .nio.file.Paths : java.util.HashMap.<init>(Map) line: 491
E ¢ y 3 io.netty.bootstrap.AbstractBootstrap.copiedMap(Map) line: 429
1mpo rt Java .util.list p io.netty.bootstrap.AbstractBootstrap.options() line: 417

import jdk.jfr.consumer.RecordedEvent;

]
public class App { }

public static void main(String[] args) throws Exception {
List<RecordedEvent> events = RecordingFile.readAllEvents(Paths.get(
for (final RecordedEvent : events) {

FIG. Read all events and then decode (JDK 8u262+)
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total (100%, 120.00 )
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public class Tree {

(94.17%, 113.00 )

.Systen. Threading. T Systen. Threading!ThreadPooorkQueue.Dispatch (42.5%, 51.00 )

(50%, 60.00 ) Threading. T

i_6> (50%, 60.00 ) ten.Net. orfsysten.Net.
-+

|_6<T>.Movellext (50%,

To tase, 5400 ) |

o
systeicrosort JAiel

2 usa

']
L

1= 5w, 500 ) [ [systen

Microsoft. AsplietCo

ore.
re.Server.Kestrel, Core. Internal !t LpC

<ProcessRequestsAsync=d_12<TContext>.Mov
T

private final TreeNode root = new TreeNode( name: ""); s

public void insertStackFrames(List<RecordedFrame> frames, long v) {
TreeNode n
for (final RecordedFrame frame

this.root;

Lists.reverse(frames)) {
n.total += v;

final RecordedMethod m
final String frameStr

n

frame.getMethod();
m.getType() .getName() + "." + m.getName();
n.insertString(frameStr);

. total += v;
n.self += v;

FIG

“Kestrel, Core. Internal.Http!

steflf sy

Microsoft|Microsoft. AsphetCore.

derCore. Start<!

crosoft. AspietC

PyrcHicrosoft, Extensiond
Microsof

[Mic{systen. Text istr]

public static class TreeNode {

@Getter
private

private

private

private

. Build the call stack (Tree with treeNode as children)

final String name;
Long

long

final List<TreeNode> childrenNodes;
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public class App {
public static void main(String[] args) throws Exception {
Tree callStack = new Tree();

for (final RecordedEvent event : RecordingFile.readAllEvents(Paths.get( first: "/
if (event == null) {
decodeEvent(event, callStack);

public static void decodeEvent(RecordedEvent event, Tree callStack) {

case "jdk.ObjectAllocationInNewTLAB": - 120

callStack.insertStackString(event.getStacka!tbkﬁ(3¢1Frames(), event.getLong( name: "
break;

switch (event.getEventType().getName()) {

FIG. Memory issue: large heap size while building the call stack
with millions of (allocation) events




J JFR Reader: build call stack (~80M)

Allocation

3GiBT
2.5CGiBT
2 GiBT
1.5GiBT
1GiBT
512 MiBT

—

Memory Usage

768 MiB T
640 MIB T
512 MiBT
384 MiBT
256 MiB T

128 MiB+ /

I

-

.

2023

SUMMIT

I

11/2/2023

3:04:56 PM

3:05:00 PM

3:05:04 PM

3:05:08 |

FIG. Memory issue: large heap size while building the call stack

with millions of (allocation) events

APACHE « SkyWalking

[ Garbage Collection

[ Alloc Total

B used Heap
|:| Heap Space : Committed Size
. Heap Space : Reserved Size
[ used Size

L || Total Size
% Live Size
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public class App ﬂ
public static void main(String[] args) throws Exception {
Tree callStack = new Tree();

try (RernrdinnFile recardingFile = new QoﬁnndingFi’Le(Paths.get( ir

while (recordingFile.hasMoreEvents()) {
final Recordedevent event = recordingFile.readEvent();
if (event == null) {
decodeEvent(event, callStack);

public static void decodeEvent(RecordedEvent event, Tree callStack) {
switch (event.getEventType().getName()) {

tAllocationInNewTLAB":

case "jdk.Objec
callStack.insertStackString(event.getStackTrace().getFrames(), event.getLong( name: "allocationSiz¢
break;

FIG. Process RecordEvent one by one
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2.5 GiB:' nGarbage Collection
ol
2 GiBT [ used Heap
1.75 GiB T [ Heap Space : Committed Size
: 1.5GBT [l Heap Space : Reserved Size
Allocation 1.25 GiB [ used size
1GiB [ Total Size
768 MiB o% Live Size
512 MiB 1
256 MIB T
320 MiB 1
256 MiB T
Memory Usage 192 MiB T
128 MiB T
background
64 MiB T
11/2/2023 2:56:30 PM 2:56:35 PM 2:56:40 PM

FIG. Memory issue: large heap size while building the call stack
with millions of (allocation) events
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public class Tree {

private final TreeNode root = new TreeNode(

public void insertStackFrames(List<RecordedFrame> frames, long v) {

vau 4

TreeNode n = this.root;
for (final RecordedFrame frame : Lists.reverse(frames)) {

n.total += v;

final RecordedMethod m = frame.getMethod();

final String frameStr = m.getType().getName() + "." + m.getName();
n = n.insertString(frameStr);

FIG. Performance issue: most time spent on building frame
names
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public class StackTrace {

public final long[] methods;

public final byte[] types;

public final int[] locations;

FIG. use references instead of materialized stack trace



] JFR Reader: use raw references

BT JDKREA RIS T 1EEX

N

1®idasync-pro

fileri£EY

Event1 : stackTrace1 Event1 :stackTraceId1 :
Event2: stackTrace1 Event2: stackTraceld1 :
Event3: stackTrace1 Event3: stackTraceld1 :
Event4i stackTrace2 Event4: stackTraceld2 :
Event5i stackTrace2 Event5i stackTraceld2 j
Event6: stackTrace3 Event6: stackTraceld3 j
size=2405 size=2407

2023 | APACHE ° SkyWalking
SUMMIT

Set

1Y stackTracel

|, stackTrace2

{1 stackTrace3

size=3

FIG. 2,000,000 alloc events share
30,000 stacktraces



JFR Reader: binary search O(logN)? 2023 | e e

private TreeNode insertString(String stackStr) {
final int i = Collections.binarySearch(

Lists.transform(this.childrenNodes, TreeNode :: getName),
stackStr);
if (1 <0) {
final int insertionPoint = -(i + 1);
this.childrenNodes.add(insertionPoint, new TreeNode(stackStr));
return this.childrenNodes.get(insertionPoint);
Events return this.childrenNodes.get(i); Show:! CPU Time v
5
}
}
getField getField: getFiel getField org.example.Tree$TreeNode.insertString(String)
getValue getValue getValue getValue 3 ; ¢
getValue hasFiel getValue hasFiel getValue hasField getValue hasFii i y-47% of i A.50% of pavent. (1,189 ms
java.lang.String.replace getTyped getTyped getTyped getTyped binarySeart getT)
jdk.jfr.consumer.RecordedClass.getName getMethod getName getType insertString linkTo’ structifyA
org.example.Tree.insertStackFrames ® getFrame reac
org.example.App.decodeEvent readEv
org.example.App.main

all

FIG. Another performance issue: too many binary searches
during insertion even if binary search has O(logN) complexity
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R\, value=1

RN, value=1
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pyroscope
o ik
Event1/ i List<String>
| stackTrace stackStrings
p m FeiR
Event2H: } List<String>
| stackTrace stackStrings
B
[ Event3f } List<String>
_stackTrace stackStrings
B
Event4fy ) List<Stri'ng>
| stackTrace stackStrings
) 2
Event5fy ) L|st<Str|.ng>
stackTrace stackStrings

RN, value=
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Event1#) | E7zid, value=1
| stackTraceld

, &

Event2f§ | value+1

| stackTraceld

\_

~ value+1

Event3aY
stackTraceld

MapfFI B 45 R

tackTraceld-value(5)

FRIBidIREX

r
\_

SR Traes Llst<Str|-ng>
stackStrings
value+1
R

1, value=5

Event4#y
| stackTraceld

value+1

.

Event5#y
| stackTraceld

\_
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144 MiB 1 [T Garbage Collection
128 MiB+ [ Alloc Total
112 MiB T B used Heap
96 MiB+ E] Heap Space : Committed Size
: : . Heap Space : Reserved Size
Allocation 80 MiB T [ used Size
ot M!B 1 . Total Size
ABMIE »& Live Size
32 MiBT
16 MiB T
i — 1
'y -pESSsessesessasessaSSsE S S S0
At 11/3/23, 6:18:16.589 PM:
80 MiB T [ used Heap = 94.5 MiB
64 MiB T
Memory Usage 48 MiB +
32 MIB ===
16 MiB T
11/3/2023, 6:18:16.000 PM 400 450 .500 .550 .600 .650

FIG. Final result: use <100M heap, and finish parsing
<1 second
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I JFR Reader: What about large

JFR file?

chunksize=10m

2023 | APACHE ° SkyWalking
SUMMIT

ZchunkfJJFRIZ {4
chunk1 chunk?2
eventi eventi
event2 event2
eventN eventN

chunkN

eventi

event2

eventN

EchunkiJFRX &

chunki

eventi

event2

eventN

FIG. ChunkSize can be controlled by parameter



JFR Reader: What about large 2023 | APACHE * SkyWalking
suMMmIT

JFR file?

Support read JFR file chunk by chunk Edit <> Code

i3 Closed

L) Conversation 4

@ lujiajing1126

If the JFR file is large, for example, alloc event is enabled, it may cost large heap space to process millions
of events.

No reviews

This PR intends to amortize memory consumption by allowing users to read a single chunk once. No one assigned
API:

As is used by readAllEvents inthe JfrReader.java,
None yet

public <E extends Event> List<E> readAllEvents(Class<E> cls) {
Chunks<E> chunks = readChunks(cls);
ArrayList<E> events = new ArraylList<>(); None yet
for (final Chunk<E> chunk : chunks) {
for (final E event : chunk) {
events.add(event);
} b No milestone
Collections.sort(events);
return events;

Successfully merging this pull request may close
these issues.

Still questions: (Excuse for my poor understanding of the JFR spec)
None yet

In the current impl, | noticed only 'types and typesByName are cleared. However, according to the ormat,
Chunk should be self-contained. Does it mean that we can clear all intermediate states, e.g. classes, symbols,

methods when we start to read a new Chunk?
& Unsubscribe




One more thing: correlation 2023 | B T

Context ID functionality

I‘l Open async-profiler:master krzysztofslusarski

) Conversation 84

@ krzysztofslusarski

: . €3 ibachorik
Adding two operations to Java API: ,
g apangin

e setContextId(long contextId) & .
ocadaruma

e clearContextId()
9 Adrk

Use case: L

. < . . o . . @ vasi-stripe
There are java applications that want to achieve better performance by distributing the single request work
into multiple threads. In such cases it is hard to find in profiler results where the time is wasted, since you have Still in progress?
no information which thread executed which request. To make it traceable | would like to use external
correlation id, so it is generated by client before passing work to other threads, then the worker thread would

do:

No one assigned

asyncProfiler.setContextId(correlationId);
actualWork();
asyncProfiler.clearContextId();
None yet

The context id is passed to custom field on execution sample, so we can post-filer it.

Other use cases | see is reactive programming, and in the future, loom project, distributed systems... None yet

This PR is not finished, | just want to know, what do you think @apangin? If you like that functionality | can add
this field to other profiling event.

No milestone

P LY)
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| How to diag. a CPU spike 20|
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How to diag. a CPU spike: Arthas 2023 | o P

_Jbgévww

X1
(kY
FSEINE

Arthas Install

auth
base64
cat
classloader
cls
dashboard
dump
echo
getstatic
grep
heapdump
help
history
jad

ifr

[EHZ S

Bl #EBEC XHE &R

XF—RERTREHRITAAET N TERIEHITENHER:

$ thread -n 3
"C1l CompilerThread@" [Internal] cpulUsage=1.63% deltaTime=3ms time=1170ms

"arthas-command-execute"” Id=23 cpuUsage=0.11% deltaTime=0ms time=401ms RUNNABLE
java.management@11.0.7/sun.management. ThreadImpl.dumpThreads@(Native Method
java.management@11.0.7/sun.management. ThreadImpl.getThreadInfo(ThreadImpl. j

at
at
at
at
at
at
at
at
at
at
at
at
at
at
at

com. taobao.
com. taobao.
com. taobao.
com. taobao.
com. taobao.
com. taobao.
com. taobao.
java.base@11.0.7/java

arthas.
arthas.
arthas.
arthas.
arthas.
arthas.
arthas.

core.
core.

core
core

core.
core.
core.

java.base@11.0.7/java.
java.base@11.0.7/java.
java.base@11.0.7/java.
java.base@11.0.7/java.
java.base@®11.0.7/java.

command . monitor20@. ThreadCommand.processTopBusyThrea
command . monitor20@.ThreadCommand.process(ThreadComma
.shell.command.impl.AnnotatedCommandImpl .process(Anno
.shell.command.impl.AnnotatedCommandImpl.access$100(A
shell.command.impl.AnnotatedCommandImpl$ProcessHandl
shell.command.impl.AnnotatedCommandImpl$ProcessHandl
shell.system.impl.ProcessImpl$CommandProcessTask.run

.util.concurrent.Executors$RunnableAdapter.call(Execut

util.concurrent.FutureTask.run(FutureTask. java:264)
util.concurrent.ScheduledThreadPoolExecutor$Scheduled
util.concurrent.ThreadPoolExecutor.runWorker(ThreadPo
util.concurrent.ThreadPoolExecutor$Worker. run(ThreadP
lang.Thread.run(Thread. java:834)

"VWM Periodic Task Thread" [Internal] cpuUsage=0.07% deltaTime=0ms time=584ms




I How to integrate SkyWalking with 2023 | APACHE - skywalking
INYIVIRB CHINA - SHANGHAI
Arthas

skywalking-ui skywalking-oap-server your-service-with-sw-agent arthas-tunnel-server

start instance arthas process

18
loop [CommandCheck]
should start arthas?
<

connect when get start command

____________________________________________________ »
execute arthas command over websocket
.............................................................................................................................................. .>
get arthas command resoult over websocket
‘. ..............................................................................................................................................
skywalking-ui skywalking-oap-server your-service-with-sw-agent arthas-tunnel-server

FIG. ¥ Apache SkyWalking 5 Arthas &7, By #2533
https://skywalking.apache.org/zh/2023-09-17-integrating-skywalking-with-arthas/



How to integrate SkyWalking with
Arthas

* For those commands that does not need bytecode

retransform

* Bypass Storage: latency sensitive

thread

ElasticSearch flush interval

Agents poll commands from OAP: schedued per 20

seconds

——1. Connect via WebSocket)

/\

users

OAP server

2023 | APACHE ° SkyWalking
SUMMIT

Container

JVM

Bidi gRPC

» SW Java Agent
A

4. request

5. response

\ 4
RemoteCommand
Executor




I Protocol Design: bidi over unary 2023

service ProfileTask {

rpc getProfileTaskCommands (ProfileTaskCommandQuery) returns (common.vl.Commands) {

¥

rpc collectSnapshot (stream ThreadSnapshot) returns (common.vl.Commands) {

¥

rpc reportTaskFinish (ProfileTaskFinishReport) returns (common.vl.Commands) {

g

service RemoteCommandTask {

rpc executeRemoteCommand (stream RemoteCommandRequest) returns (stream RemoteCommandResponse) {

}



J What about distributed OAP?

Hera Meta (node1)

WebSocket

I
WebSocket

JS?N

/\

Web Browser

Actor
A

Akka Cluster
protobuf serialization

2023 | APACHE ° SkyWalking
SUMMIT

Container

Application

Hera Me’é (node2) gRPC
bidi
gRPC ¥ |
Actor

SW Agent

v

Remote
Command

Executor




2023 | APACHE « SskyWalkin
What about retransform? 2023 | APACHES Sybeiens

https://github.com/apache/skywalking/blob/master/docs/en/FAQ/Compatible-with-other-javaagent-
bytecode-processing.md#compatibility-with-other-java-agent-bytecode-processes

Problem

1. When using the SkyWalking agent, some other agents, such as Arthas, can't work properly. #4858

2. The retransform classes in the Java agent conflict with the SkyWalking agent, as illustrated in this demo

Cause

The SkyWalking agent uses ByteBuddy to transform classes when the Java application starts. ByteBuddy generates auxiliary classes with
different random names every time.

When another Java agent retransforms the same class, it triggers the SkyWalking agent to enhance the class again. Since the bytecode has
been regenerated by ByteBuddy, the fields and imported class names have been modified, and the JVM verifications on class bytecode
have failed, the retransform classes would therefore be unsuccessful.

Resolution

1. Enable the class cache feature

Add JVM parameters:
-Dskywalking.agent.is_cache_enhanced_class=true -Dskywalking.agent.class_cache_mode=MEMORY




APACHE ¢ SkyWalking

I What about retransform? Changes in 9933

Improve bytebuddy class enhance for retransform classes

$~ Merged

LJ) Conversation 78

@ kylixs

Improve bytebuddy class enhance for retransform classes

* For those commands that does need bytecode retransform,
* watch: observe method exec (parameter, result, exception...)
* trace: trace method exec path
* monitor: stat method exec (not real time)
* Main idea
* For TypeDescription: always perfer bytecode from TypePool to reflection API
* For aux. fields/methods: use stable prefix/suffix instead of random ones



Changes in 9.0: perf issue (resolved) 2923 | ey yveeme

Optimize bytebuddy type description performance Edit <> Code ~

#~ Merged

) Conversation 37

@ S

S ’Iujiajing1126
Improve the performance of type description of byte-buddy

a wu-sheng

The goal is to get the original class description at re-transform, so as to generate consistent results when the Skywalking
agent is enhanced again (including implementing the Enhancedinstance interface, auxiliary fields and methods, etc.)

The previous type description used the AgentBuilder.DescriptionStrategy.Default.POOL_FIRST policy to get origin type No one—
description, which slows down the application startup, due to heavy I/O operations and parsing bytecode.

New way is to remove dynamic fields, methods and interfaces generated by SkyWalking Agent from TypeDescription , and
make it as origin type descripton. core | ( enhancement

Key feature :

* No need to cache TypeDescription objects, less memory used. None yet

» |t only applies to the re-transform class processing flow and does not affect the startup process.

Process flow:

1. Find TypeDescription from commonly used type cache, such as primitive class.
2. Delegate to AgentBuilder.DescriptionStrategy.Default.HYBRID

3. Wrap TypeDescription by SWTypeDescriptionWrapper , remove fields, methods, interface generated by SkyWalking.

FIG. Using POOL_FIRST TypeDescription strategy in SW Java 9.0 caused almost double application launch time
and larger heap size. Resolved in PR #637.
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