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NodeCompass: A new Paradigm?

Yes. Performance Analysis is done differently

We consider all layers interacting in the system as part of the Perf. Analysis
Reduced Instrumentation overhead by using LTTng in the JavaScript land
Focus on High Level of Granularity in the Perf. Analysis

Uncover Bugs, Bottlenecks, Root causes, Race conditions either in Node.js
internals or in JavaScript land
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NodeCompass approach for Perf. Analysis

Node.js Architecture
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The Vertical Span Model: The new paradigm

Represent a request with all its underlying atomic operations

Expose the application flow and the request underlying paths

Expose sequence of events in each layer with its latency

Performance analysis with high granularity degree

Pinpoint performance bottlenecks, system bugs, Root cause

Expose race Conditions in Node.js
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User level-Instrumentation Example
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Postpone function execution to the Event-loop next tick

Queue must be exhausted before the Event-loop continues to next phases

Must be used with caution since it can slow or block the Event-loop

Nextick Performance degradation scenario

An express server contacted on the rout /nexttick

A client A contacting continuously the server at the route /nexttick

A second client B contacting continuously the server at the route /checkState

After a few seconds the server stops responding to B. A performance issue appears
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Use case 2

Asynchronous resources destruction bug

Each asynchronous resource has a lifetime

Internal mechanisms in Node.js track async. resources and destroy them after used

“Destroy” callback is invoked when cleaning the system from the resource
Test scenario

An express server contacted at the route /test

A client A contacting continuously the server on the route /test

When contacted by A, the server calls the fs.promise.readFile() of the file system API
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Use case 3

Race conditions detection

Atomic operation may access the same resource

TwWO Oor more processes may access a shared resource

The resource may be altered, locked, deleted or modified before the other accesses it

Test scenario

An express server contacted at the route /race

A client A contacting continuously the server on the route /race

When contacted, the server calls a function that creates the file “test.txt”, then calls
a function to read the file, and call another function to delete the file
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Use case 3

Resulting flow

Process + TID PID PTID 21:00:35.781900 21:00:35.782000 21:00:35.782100 21:00:35.782200 21:00:35.782300
node TB7361 | 787361 » A
node TB7362 | TB7362
node TB7363 | TB7363
node TB7364 | TBT364
node TBT365 | TBT365
node TB7366 787366
node TB7367 | 787367
node TB7368 787368
node TB7369 | 787369
node TBY370 | 787370
node 787374 787374
[ ]
i= Setimmediate i= 64-bik(2) i= 64-bit i= 64-bik(3) i= 64-bik(4) [ Node Time Graph View x = 64-bit(5) i= 64-bik(6) i= 64-bik(7) i= Experiment = 8
TE hED R v g oee Fv o3
21:00:35.781900 21:00:35.782000 21:00:35.782100 21:00:35.782200 21:00:35.782300
|TI i i i i i
18775
Y 18770
18774
v 18771 PROMISE
18773
Y 18772 _
¥ 18778
¥ 18779
18791
¥ 18780
¥ 18781
18789
¥ 18782
18788
¥ 18783
18787
¥ 18784
18786
18785 |
w 10004
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node TB7364 | TBT364
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L ]
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18774
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¥ 18779
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18786
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Use case 3

Process -
node
node
node
node
node
node
node
node
node
node
node

i= Setimmediate

18775
¥ 18770
18774
Y 18771
18773
¥ 18772
v 18778
¥ 18779
18791
¥ 18780
¥ 18781
18789
¥ 18782
18788
¥ 18783
18787
¥ 18784
18786
18785

w 10004

TID

787361
787362
787363
787364
TBYV365
787366
787367
787368
787369
787370
787374

PID

787361
787362
787363
787364
787365
787366
787367
787368
787369
787370
787374

i= 64-bit(2)

Resulting flow

PTID 21:00:35.781900 21:00:35.782000 21:00:35.782100 21:00:35.782200 21:00:35.782300

Ly )

[ ]
= 64-bit i= 64-bit(3) i= 64-bik(4) [ Node Time Graph View x = 64-bit(5) i= 64-bik(6) i= 64-bik(7) i= Experiment = 8
TE hED R v g oee Fv o3
21:00:35.781900 21:00:35.782000 21:00:35.782100 21:00:35.782200 21:00:35.782300

Al

PROMISE

PROMISE

/ PROMISE

Sequences of read ——

:
Operatlorl
|
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Use case 3

Process * TID
node 787361
node 787362
node 787363
node 787364
node 787365
node 787366
node 787367
node 787368
node 787369
node 787370
node 787374

i= Setimmediate

18775

¥ 18770

18774

Y 18771

18773

¥ 18772

v 18778
¥ 18779
18791

¥ 18780
¥ 18781

18789

¥ 18782

18788

¥ 18783

18787

¥ 18784

18786
18785

w 10004

PID

787361
787362
787363
787364
787365
787366
787367
787368
787369
787370
787374

i= 64-bit(2)

PTID

Resulting flow

21:00:35.781900 21:00:35.782000 21:00:35.782100 21:00:35.782200 21:00:35.782300

Ly )

[ ]
= 64-bit i= 64-bit(3) i= 64-bik(4) [ Node Time Graph View x = 64-bit(5) i= 64-bik(6) i= 64-bik(7) i= Experiment = 8
= = ffEA R vy 4 0& 8 A 8
21:00:35.781900 21:00:35.782000 21:00:35.782100 21:00:35.782200 21:00:35.782300
|T| I
PROMISE
PROMISE
PROMISE
PROMISE
[ PROMISE
m— v
s_close
/
Sequences of read
I
operation
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Use case 3

Results interpretation

= State System Explorer [ Node Time Graph View x = i= = A R - ¢ s g fF g o=
20:20:08.180000 20:20:08.180500 20:20:08.181000 20:20:08.181500
m i i i i
|
Fs_open
e . Trace 91
Date 2022-05-12

/g StertTime 2000817995035 g
O Stop Time  20:20:08.181058121
O Duration  0.001107762s (1,1 ms)

[
ie(2) i= 64-bit i= 64-bit(3) i= 64-bit(4) i= 64-bit(5) i= 64-bit(s) = 64-bit(7) = 64-bit(s) i= Experiment i= 64-bik(13) x i1 =
hannel CPU Event type Contents
srchs> <srch> <srchs <srchs>
hannelo 3 3 uv_provider:uv_send_event id=87, channel=85, method=PROMISE.29685, backend fd=13, context.packet_seq_num=0, context.cpu_id=3, co
hanneldo 3 3 uv_provider:uv_send_event id=6.21200713404852, channel=85, method=js_open_main, backend Fd=12, context.packet seq num=0, conte:
hannelo_3 3 uv_provider:uv_send_event id=88, channel=85, method=PROMISE.29685, backend_fd=13, context.packet_seq_num=0, context.cpu_id=3, co
hannelo_3 3 uv_provider:uv_send_event id=6.480561237982693, channel=6.21200713404852, method=js_open_create, backend_fd=14, context.packet_
m_ uv_provider:uv_send_event id=89, channel=85, method=FSREQCALLBACK.29685, backend Fd=19, context.packet_seq_num=0, context.cpu
hannelo 3 3 uv_provider:uv_fs_open_event fd=29685, path=0xffffffffbe1eed68, backend Fd=2032454154, context.packet_seq_num=0, context.cpu_id=3, c
hannelo 3 3 uv_provider:uv_async_Ffile event id=1649709016, backend Fd=29685, oper=Ffs_open, context.packet_seq_num=0, context.cpu_id=3, context. prc
hanneldo 3 3 uv provider:uv work submit event add loop=0xfFFffffbe1eed08, add work=0xfFffFffbel1eecf8, add w=0xffFfffffbe1eed00,. add done=0xFFFfFFFb:
s [ Promise Queue XY View x [ Timers Latency XY View [ Tick Frequency XY View [ Thread Pool Monitor =g Progress = Critical Flow View =

L% a — =
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hannelo_3 3 uv_provider:uv_send_event id=6.480561237982693, channel=6.21200713404852, method=js_open_create, backend_fd=14, context.packet_
m_ uv_provider:uv_send_event id=89, channel=85, method=FSREQCALLBACK.29685, backend Fd=19, context.packet_seq_num=0, context.cpu
hannelo 3 3 uv_provider:uv_fs_open_event fd=29685, path=0xffffffffbe1eed68, backend Fd=2032454154, context.packet_seq_num=0, context.cpu_id=3, c
hannelo 3 3 uv_provider:uv_async_Ffile event id=1649709016, backend Fd=29685, oper=Ffs_open, context.packet_seq_num=0, context.cpu_id=3, context. prc
hanneldo 3 3 uv provider:uv work submit event add loop=0xfFFffffbe1eed08, add work=0xfFffFffbel1eecf8, add w=0xffFfffffbe1eed00,. add done=0xFFFfFFFb:
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= State System Explorer [ Node Time Graph View x = i= = A R - ¢ s g fF g o=
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Use case 3

Results interpretation

= State System Explorer [ Node Time Graph View x = i= = A R - ¢ s g fF g o=
20:20:08.180000 20:20:08.180500 20:20:08.181000 20:20:08.181500
m i i i i
|
Fs_open
e Trace 91
Date 2022-05-12

Start Time 20:20:08.179950350 |
Stop Time 20:20:08.181058121 G
O Duration  0.001107762s (1,1 ms)

Race condition Opening a file in reading mode while the
file'was already deleted

[
ie(2) i= 64-bit i= 64-bit(3) i= 64-bit(4) i= 64-bit(5) i= 64-bit(s) = 64-bit(7) = 64-bit(s) i= Experiment i= 64-bik(13) x i1 =
hannel CPU Event type Contents
srchs> <srch> <srchs <srchs>
hannelo 3 3 uv_provider:uv_send_event id=87, channel=85, method=PROMISE.29685, backend fd=13, context.packet_seq_num=0, context.cpu_id=3, co
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hannelo_3 3 uv_provider:uv_send_event id=6.480561237982693, channel=6.21200713404852, method=js_open_create, backend_fd=14, context.packet_
m_ uv_provider:uv_send_event id=89, channel=85, method=FSREQCALLBACK.29685, backend Fd=19, context.packet_seq_num=0, context.cpu
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s [ Promise Queue XY View x [ Timers Latency XY View [ Tick Frequency XY View [ Thread Pool Monitor =g Progress = Critical Flow View =

L% a — =

POLYTECHNIQUE MONTREAL - Hervé Kabamba 19




Conclusion

POLYTECHNIQUE MONTREAL - Hervé Kabamba 20




Conclusion

- NodeCompass a powerful tool for Node.js applications performance analysis

POLYTECHNIQUE MONTREAL - Hervé Kabamba 20




Conclusion

- NodeCompass a powerful tool for Node.js applications performance analysis

- Brings a high level of granularity in the Performance Analysis

POLYTECHNIQUE MONTREAL - Hervé Kabamba 20




Conclusion

- NodeCompass a powerful tool for Node.js applications performance analysis

- Brings a high level of granularity in the Performance Analysis

- Helps in understanding the application flow

POLYTECHNIQUE MONTREAL - Hervé Kabamba 20




Conclusion

- NodeCompass a powerful tool for Node.js applications performance analysis
- Brings a high level of granularity in the Performance Analysis
- Helps in understanding the application flow

- Allows pinpointing bottlenecks, bugs, errors, race conditions

POLYTECHNIQUE MONTREAL - Hervé Kabamba 20




Conclusion

- NodeCompass a powerful tool for Node.js applications performance analysis

- Brings a high level of granularity in the Performance Analysis

- Helps in understanding the application flow

- Allows pinpointing bottlenecks, bugs, errors, race conditions

- Can be used to instrument functions in the way distributed tracers work
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