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Agenda

1. Reminder on Previous Work

2. Data Collection improvements

3. New Analyses

4. Conclusion
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Previous work

Performance analysis was based on Libuv

Node.js Architecture
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- LTTNg tracepoints was inserted in Libuv LTTNg Probes
- Event-loop statuses could be tracked
- Asynchronous operations life-cycle could be tracked

- Lttng tracepoints could be inserted into Javascript

POLYTECHNIQUE MONTREAL - Hervé Kabamba 3




Previous Work

vertical span
A,

Vertical Span Representation Model

Introduce Vertical Span Model (VSM)

L span 300 ms
= =

V8 engine layer

Consider atomic operations in Node

fs_close

54 us 2 ms 15ms 18ms 45 ms

Kernel layer — Map atomic operations with Syscalls
openat sfat open epoll_wait raad' Close
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Previous Work

Example of previous Analysis
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i= Setimmediate i= 64-bit(2) i= 64-bit i= 64-bik(3) i= 64-bit(4) i= 64-bik(5) x = 8
CPU  Event type Contents
<srch> <srch= id=9544
3 uv_provider:uv_send_event id=7923, channel=undefined, method=deskroy 16102, backend fd=13, context.packet_seq_num=10, context.cpu_id=3, context._procname=node, context. pthread
_ uv_provider:uv_send_event id=7906, channel=undefined, method=destroy 16102, backend Fd=13, context.packet seq num=10, context.cpu_id=3, context. procname=node, context. pthread
3 uv_provider:uv_send_event id=7905, channel=undefined, method=deskroy_16102, backend_fd=13, context.packet_seq_num=10, context.cpu_id=3, context._procname=node, context._pthread_
3 uv_provider:uv_send_event id=7912, channel=undefined, method=destroy_ 16102, backend_fd=13, context.packet_seq_num=10, context.cpu_id=3, context. procname=node, context. pthread
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Data Collection improvements

Three levels:

Nodejs Compilation process

Nodejs VMs (V8 engines instances )

Nodejs C++ Bindings

Node.js Architecture
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Data Collection improvements

At compilation level:
Macros are defined to support multi-platforms compilation process

On Linux, configure the source with —with-Itthg flag to activate the probes
' herve@herve-ZenBooK-UX425EA-UX425EA: ~ftravaux_th

herve@herve-ZenBook-UX425EA-UX425EA: ~/travaux these

:‘ .Jconfigure --with-1ttn |:_1|:|

On other platforms such as Windows, configure the source with —with-metal
flag to activate the probes
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Data Collection improvements

No need for high level instrumentation (Javascript)

Everything is handled by the VM and bindings probes

Everything is transparent from the user

iz kernel = 64-bit(16) = 64-bit(17)  i= 64-bit(18) = 64-bit(19)  i= 64-bit(20)  i= Experiment  i= Setimmediate = 64-bit(14) &= Nexttick = 64-bit(10) &= e4-bit(11) x 7 = B
Timestamp Channel  CPU  Eventtype Contents

& <srch> <srch> <srch> <srch= <srch>
23:41:04.510 996 406 channel0 3 3 ltkng_ust statedump:build id  baddr=0x7ff68F467000, build id length=20, build_id=[0xce, 0x1, 0x6c, 0x97, 0x5d, 0x94, Oxbc, 0x47, 0x70, Oxed, 0x8c, 0x62, 0xd4, 0x5d, Oxea, Ox6t
23:41:04.510 996 670 channel0 3 3 ltkng_ust_statedump:debug_link baddr=0x7Ff68F467000, crc=1646407300, filename=016c975d94bc4770ed8c62d45deadb71405a2c.debug, context.packet seq num=0, context.cp
23:41:04.510997 150 channel0_3 3 ltkng_ust_statedump:bin_info  baddr=0x555944bFf000, memsz=80109920, path=/home/herve/travaux_these/node-v18.12.1/out/Release/node, is_pic=1, has_build_id=1, has_de
23:41:04.510 997 570 channel0 3 3 ltkng_ust statedump:build id  baddr=0x555944bff000, build id length=20, build id=[0x45, Oxd5, 0x7, Oxe6, Oxe9, Ox6e, 0xbd, 0x69, Oxe0, 0x5e, 0x69, Oxde, 0x8F, Oxa6, 0x3b, OxF:
23:41:04.510999 607 channelo_3 3 [teng_ust_statedump:end context.packet_seq_num=0, context.cpu_id=3
23:41:04.544 073 781 channel0_1 1 node:http client_request traceids=60412, url=/, method=GET, context.packet_seq_num=0, context.cpu_id=1
23:41:04.544 167 290 channelo 1 1 node:http client_request traceids=60412, url=/, method=GET, context.packet_seq_num=0, context.cpu_id=1
23:41:04.546 887 227 channel0_1 1 node:net server_conndsfion remote=127.0.0.1, port=45026, fd=43, buffered=0, context.packet_seq_num=0, context.cpu_id=1
23:41:04.547 266 948 channel0 1 1 node:nft server_connectio remote=127.0.0.1, port=45034, fd=44, buffered=0, context.packet_seq_num=0, context.cpu_id=1 I
mm.aa.ma ramanes anes Jbooola A om [, (PR T S T P U ) Lodd. A wECranCarTnnn Locld tdl lemmel wa Lo2ld 2 d TAciee Avd Al e A Aerd Acna Ak o Aca AcTs Aced Actie Acen Acda e d Aeeee sl

HTTP internal module

Net internal module events

events
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Use Cases

1. Windows Nodejs Inter-process communication

- Fork a new process on windows from Nodejs

- const child = fork('./fork.js', [], { stdio: ['inherit’, 'inherit’, 'inherit', 'ipc’, 'pipe'] });
- Communicate with the forked process by sending ping

- The main process expects to receive pong replies form the fork

- However, no answer comes out.
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We track the inter-process communication on windows
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- Windows 1/O operations can be synchronous or asynchronous
- No abstraction of the platform by Libuv for the pipe socket

- You have to indicate that you deal with Windows by adding the “overlapped” flag
in the fork parameters, to enforce windows piping
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Use Cases

2. Memory leaks tracking in VMs

-We track the garbage collection triggers

- Define some metrics:
* Time spent in the GC (TIGC), Time between 2 GC operations (TBGC)

- If TIGC > TBGC: Application is seriously starving(Probable memory leak)
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Use Cases

Steps to reproduce the use case 2

- Run a faulty Nodejs application
- The app. starts to consume much memory until the an OOM error is triggered

- Observe the patterns in Trace Compass

g herve@he ook 25EA:; ~/travaux these/node-v18.12.1211x25
a a " ( N ) ) (+ ® s, walltime since start of mark

s, walltime since start of marking 202 m

. /node]

internal::Isolate*)
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Use Cases

Memory leaks tracking in VMs

Healthy application patterns

1k -

09:37:30 09:37:40 09:37:50 09:38:00 09:38:10 09:38:20 09:38:30 09:38:40 09:38:50 09:39:00 09:39:10 09:39:20 09:39:30 09:39:40

Application starving due to memory leaks TIGC > TBGC
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09:50:42 09:50:44 09:50:46 09:50:48 09:50:50 09:50:52 09:50:54 09:50:56 09:50:58 09:51:00 09:51:02 09:51:04 09:51:06 09:51:08
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Conclusion

- Performance analysis process improvements with user-less JavaScript
iInstrumentation

- VM performance analysis

- Inter-process communication tracking

- Compilation improvements for muti-platform support
Ongoing :

- Isolate faulty user-level code (memory leaks sources)

-Expose more performance counters related to VM Perf. Analysis
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Thank you
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