Performance evaluation off chromium
through task modeling and
critical path analysis

Majid Rezazadeh
Vahid Azhari

Dec 6, 2018

Polytechnigue Montréal

Laboratoire DORSAL




e
Agenda

* Motivation
* An overview of task scheduling in Chromium

* Chromium tracer

Multi-level analysis

Detection of root cause in more details

Finding performance bugs and problems

Trace Compass views
* Conclusion

* Future work

POLYTECHNIQUE MONTREAL - Majid Rezazadeh — Vahid Azhari



Motivation

* |dentifying performance degradation and bottlenecks of

chromium as a complex multi-threaded program

e Extracting all the important tracing data from a complex shared

memory application
* Multi-level analysis of chromium in order to obtain a
comprehensive insight into performance problems and issues

* Critical path analysis as an efficient approach to understand the

Chromium behavior and enhance its responsiveness
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An overview of task scheduling in Chromium

Task

* A task is a unit of work to be executed

* Each task as an object inside the task scheduler has:
* a closure
* traits

* post timestamp
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An overview of task scheduling in Chromium

Seguence
* The tasks in a sequence are executed in the order they were

added to the sequence.

®eeE

‘A’ is the next task to execute in this sequence
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An overview of task scheduling in Chromium

Priority Queue (and SequenceSortKey)

* Sequences which are waiting to be run live in a priority queue
* The SequenceSortKey is used to change the priority of the

sequence after being posted
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An overview of task scheduling in Chromium

Scheduling Algorithm

* Lock the Priority Queue to pop its top sequence

Lock (priority_queue)
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An overview of task scheduling in Chromium

Scheduling Algorithm

Release the sequence lock and execute the task

Execute Task A "@l l @ l @

Lock the sequence and remove the task that was just executed

Lock (sequence)

e[S ®)©]@
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An overview of task scheduling in Chromium

Scheduling Algorithm

If (SequencelLength !=0), lock the PriorityQueue and insert the

sequence Into It

prioriWQueueQ @ll@l@ — E

(priority_queue)
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Chromium processes

* The Browser Process (CrBrowserMain)
e Receiving input from the OS, controls the browser Ul (e.g. omnibox,
back buttons, the tabstrip, menus, etc)

* Renderer Processes (CrRendererMain)
* Putting each tab in its own render process

* The GPU Process (CrGpuMain)
 GPU accelerated operations are issued to the graphics driver
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How pages and images are loaded from the network into the

renderer?
Browser (IPC thread)

URL Requests

ResourceDispatcherHost

(Master dispatcher for all resource requests in all renderers)

ResourceMessageFilter
(Routes some messages to Péandlers on the /O thread)

RenderThread

ResourceDispatcherHost
(Dispatcher for all resource requests in the renderer)

ﬁﬂaReso@oade Bridge

ResourceHandle
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Chromium tracer

Features and specifications

Tracing the system at user level to provide a call stack view

Low overhead tracer with configurable parameters

Ease of use

Lack of information about kernel level
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e
Multi-level analysis of chromium

Export Chromium events to Lttng

* Lttng tracepoints built into a shared library

* Developed API for exporting Chromium events to Lttng via the shared library
* dlopen("lib.so", RTLD_NOW)
* dlsym(var, "[symbol]")

* Getting kernel and user space events together

Chromium \

Trace-event-lttng-export.h
trace_log.cc Trace-event-lttng-export.cc

=N ___ 2

" /

dlopen()

LibLttng-cr-tp.so

12

POLYTECHNIQUE MONTREAL — Majid Rezazadeh — Vahid Azhari



Trace Compass views

ChromeTaskTrackerPerTask.xml
* Tracking the tasks by a unique ID from the start up to the end
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Trace Compass views

ChromeTaskTrackerByThread.xml

* Tracking the different states of tasks on different threads
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Trace Compass views

Critical path view to show the execution bottleneck

Pmcess 19:48:39.920 19:48:39.940 19:48:39.960 19:48:39.980 19:48:40.000 19:48:40.020 19:48:40.040 19:48:40.060 19:48:40.080 19:48:40.100 19:48:40.120 19:48:40.140 19:48:40.160 19:48:40.180 19:48:40.200
“"8f11a1 8b 9d80 469a-9496-43b"
chrome.282291
InDutThread 1138]
Chrome [QThread.282331
Xora.1093]

chrome. 282321
[ttna-consumerd.47531
izCompositorTh,283441
chrome-ust.282391
compbiz. 15351 #Il ﬂ!l n
chrome.282611
Chrome ChlldIOT 283411
chrome.28273
TaskSche/dul]erFo .282471

101
Com005|torT|leW 28256] n 1
TaskSchedulerFo 282491
chrome.283011
Chrome’ ChlldIOT 283141
TaskSchedulerFo 282511
Compositor.282911 -
Chrome Ch|ldIOT 282771
adbus.28236
xzri]a -settings.28264]

[TaskSchedulerSe.28355]
SGI video svnc.283461
chrome,29401
anome-kevrina-d, 12631
Compositor.28319]
lttna-sessiond, 47231
dconf worker,28234]
Chrome ChlldIOT 283061
ira/50-nvi |a 1271
chrome.283 1
TaskSchedulerFo 283021
unitv-panel-ser.1387]
Font Proxv Thre.282901
lttna-runas.4747
[TaskSchedulerSe.283511
GpuMemorvThread,282891
us-daemon.1231]
Com005|torT|leW 282951
threaded-ml.28258]
Chrome IOThread 25401
lttna-sessiond.47201
basename 28267
adbus.1555]
Com005|torT|leW 282931
adbus. 12701
which.28265]
CompositorTilew.28294]
CacheThread Blo.282621
adbus.1326]
Chrome Ch|ldIOT 28354]
CompositorTilew,283221
xda-settinas.282661
lttna-runas.4573
TaskSchedulerSl 282551
adbus.1
qdbus.14()01
sandbox ipc thr.28231]
[TaskSchedulerSi.282591
bamfdaemon.1290
CombositorTileW.282921

15

POLYTECHNIQUE MONTREAL — Majid Rezazadeh — Vahid Azhari



Chromium performance analysis

GpuChannelHost::Send blocks Ul thread to send IPC messages
using IPC::SyncChannel (Issue 125264)
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Chromium performance analysis

Processing the IPC message ViewHostMsg_ClosePage_ACK
on the main thread can be too slow (Issue 892747
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Conclusion

* Overview of task modeling

* Introducing the multi-process architecture of Chromium

* Proposing an approach to extract more information using LTTng,
in order to analyze Chromium in more details

* Critical path analysis to detect performance bugs and latencies
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Future work

* Analyzing the navigation to detect the root cause of some
performance issues

* Building a tool to understand the interaction of tasks for a specific
user action

* Making a more flexible and automated tool which is able to

analyze Chromium
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Questions?

Majid.rezazadeh@polymtl.ca
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