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Background

C++ Code, the Web, and Native Client



Background

® 0O £ [chrome] Contents of ftru > |\ | " \ (“
&« C' | [3 src.chromium.orgiviewvc/chromeftrunk/src/base/bind.h 3 =

80

81 | template <typename Functor, typename P1>

82 | base::Callback<

83 typename internal::BindState<

84 typename internal::FunctorTraits<Functor>::RunnableType,

85 typename internal::FunctorTraits<Functor>::RunType,

86 void(typename internal::CallbackParamTraits<P1>::StorageType)>

87 : :UnboundRunType>

88 | Bind(Functor functor, const Pl& pl) {

89 // Typedefs for how to store and run the functor.

a0 typedef typename internal::FunctorTraits<Functor>::RunnableType RunnableType;

91 typedef typename internal::FunctorTraits<Functor>::RunType RunType;

92

93 // Use RunnableType::RunType instead of RunType above because our

94 // checks should below for bound references need to know what the actual

95 // functor is going to interpret the argument as.
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Native Client

Nexuiz Demo

localhost

Nexuiz Demo

Nexuiz is a free open-source fast paced first person shooter (FPS) developed by Lee Vermeulen and Forest 'LordHavoc' Hale, who started Alientrap in 2002. This on h: n ported to Native Client, and now runs
on Windows, Linux and OSX via Chrome. Nexuiz utilizes the Darkplaces engine. Use the mouse to aim, mouse button to fire your weapon, ASWD keys to turn & move, spacebar to jump, a ange weapons.
Port to Native Client by N. Fullagar.

Chrome Apps




Few Native Client Applications
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[New Connection]
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Building a Native Client Application

[ C++ Source Code ]

|
e

B

M

. Native executable
. Portable across operating systems
. Specific to x86, ARM, etc.




Building a Native Client Application

& AitMech

€ cCfiQa
Elfb 3 Twitter (D) GetURL (D) AirMech! *§ Ai

=
N h l‘,,. (] 9 —
atasha® | b
Natasha* B

C++ Source Code

gcc/g++

) + <embed name="nacl_module”

id="air_mech”
src="air_mech.nmf"”
type="application/x-nacl” />

s



Instruction Set Architecture (ISA) Dependency

NaCl Manifest File

‘ .amf

Which ISA
"files": {7}, . .
/ Where to find its executable
"program”: {
"x86-64": { "url"”: "air_mech_x86_64.nexe" },
"x86-32": { "url”: "air_mech_x86_32.nexe" }, ;§§\

n n

arm”: { "url”: "air_mech_arm.nexe"” }

Every supported ISA needs an
entry here

M



Running a Native Client Application

air_mech.nmf
A AirMech

3
€ Ccfia
Elfb 3 Twitter (D) GetURL (D) AirMech! *§ AirMech Web Store {
i -
" e Qg
5 ™ % o |15

= in T N & | atasha®y " ashar -
T — 3 ey /4 - " "
v 3 2 ' o ' files": {3,

"program”: {

reads
manifest "x86-64": { "url”: "air_mech_x86_64.nexe" 3},
"x86-32": { "url”: "air_mech_x86_32.nexe" 3},
<embed name="nacl_module” ' "arm”: { "url”: "air_mech_arm.nexe"” }

id="air_mech"”

1 o n }
src="air_mech.nmf _ |
type="application/x-nacl” /> )

Loads correct
.nexe

Native Client Process

M



Running a Native Client Application

A AirMech

< cfi
Eifb 3 Twitter (D) GetURL (D) AitMech! 2 Ai
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Natasha* 8 By

Native Client Process
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Running a Native Client Application

A AirMech

< cfi
Eifb 3 Twitter (D) GetURL (D) AitMech! 2 Ai
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Natasha* 8 By

Native Client Process
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Running a Native Client Application

instance_->PostMessage(pp: :Var(...));

Native Client Process

.nexes are Out-of-Process Plugins

s



Native Client Limitations

M

"No ISAs in the web platform”

&« C @ https://chrome.google.com/webstore/category/apps?utm_campaign=en&utm_source=en-ha-na-us-bk-webstr&utm_medium=ha

g~ chrome web store Recommended ~

Popular

Trending

Collections

Business Tools
Education
Entertainment
Games

Lifestyle

News & Weather

Productivity

Utilities

Extensions

Themes

From your circles

Social & Communication

\
An uncompromising wilderness ™
strvival game full o seience and magic.

Accounting by Wave
Do what you lave. Wowe does the rest.

Wave Accounting BeFunky Photo Editor
Advertisement 585,998 users

m \ Weather Underground’

wunderground.com

[ —
Google Play Music Full Screen Weather
1,805,524 users 875,658 users




So We're Done, Right?

. C++ executables

. Runin the browser

. Distributed in the web store

. Native ISA code is not right for the open web

. We need a way to upload device-independent code, then translate to the client's ISA...

M



Portable Native Client



Portable Native Client

s
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Portable Native Client

. C/C++
o ILP32 (sizeof(int) == sizeof(long)
. Little endian
. IEEE fp

. One executable runs on
- Windows, OS X, Linux, ChromeOS
o X86-32, x86-64, ARM, ...

M

sizeof (void*) == 4)



Developing a Portable Native Client Application

)
© O O / W secure shell 0.8.18 x e ||

/
(= C [ chrome-extension:/pnhechapfaindjhompbnficldabbghjo/html/nassh.html 5 =

Welcome to Secure Shell version 0.8.18.
Answers to Frequently Asked Questions: http://goo.gl/m6Nj8

C++ Source Code

|

pnacl-clang

)
———

[New Connection]

)
———

CHTML
+ <embed name="nacl_module”

id="ssh"”
src="ssh.nmf"
type="application/x-nacl” />

M



Manifest for a PNaCl Application

Just One Portable Executable

¢ ot
orosran. / One "portable” rather than one entry per ISA
program”: {
"portable”: {

"pnacl-translate”: {
"url”: "ssh.pexe”, < Where to find the portable executable

n _O n : n 2 n
, \
} Translated code performance requested

3
3

M




Running a PNaCl Application

® 006 / B3 Secure Shell 0.8.18 X

=

Welcome to Secure Shell version 0.8.18.
Answers to Frequently Asked Questions: http://goo.gl/m6Nj8

C' | [) chrome-extension:/pnhechapfaindjhompbnficldabbghjo/htmi/nassh.html 3¢

embed

starts
translation

New Connection]

<embed name="nacl_module"”
id="ssh"
src="ssh.nmf"

type="application/x-nacl” />

M

PNaCl Translator

Starts
execution

Native Client Process



Stream .pexe
from URL

The PNaCl Translator

no translation exists

Native Client Process

Save ssh_x86_64.nexe

Send .nexe
from cache

Native Client Process



How Do | Use It?



Developer Preview in Chrome

. In Chrome 29 (canary, dev channel) e )

€& - C nttps://chrome.google.com/webstore/detail /pnacl-examples/mblemkccghnfkjignimgngmopopifacf 9=

7/ Introduction to Mac (2] Other Bookmarks
. Enable the flag P e

. o] E% PNaCl Examples P ——~
. Trythe PNaCl Examples extension ' -

From your ¢

/ \ A & ) y A few simple Portable Native Client
e O o / ‘;‘ chrome://ﬂags x ¥ \ = g, L vl examples from the SDK + Bullet
- Collections Native Client SDK examples compiled for
. &= -— Portable Native Client.
6 s c D Chrome :/ﬁlags * - = SIEES I Also includes John McCutchan's Bullet demo,
Education ported to PNaCl.
Restrict Native Client GDB-based debugging by pattern Mac, Windows, Linux, Chrome OS Frtertainme
Restricts Native Client application GDB-based debugging by URL of manifest file. Native Client CDB-based Games
debugging must be enabled for this option to work. Lifestyle
| Default B | News & Weaf]
Productivity
Portable Native Client. Mac, Windows, Linux, Chrome OS5 Social & Com
Enable support for Portable Native Client. Utilities
Enable
Extensions
Experimental Extension APIs Vac, Windows, Linux, Chrome OS Themes

Enables experimental extension APls. Note that the extension gallery doesn't allow you to upload extensions
that use experimental APIs.

Enable

Fxtensions an chrome:// LIRLs Mac Windows. Linuy. Chrame OS5 Androld

\Iro;erl ac::::i‘so\:il: take effect the next time you relaunch Google Chrome. W e W a n t y o u r f e e d b a C k
- —
at http.//gonacl.com

s



http://gonacl.com
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O O { Y Native Client — Google D

C' 8 hitps//developers.google.com/native-client/

Apps

% Introduction to Mac

PNaCl SDK

[:J Other Bookmarks

. Compiler, debugger, libraries
. NaClPorts
. Examples, demos
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Native Client 2 +1

News & Announcements
Technical Overview
Quick-start

» SDK

» Developer's Guide

» Pepper C API

» Pepper C++ API

» Community
FAQ

Get Help with NaCl

Conferences

howcase Groups

Run your native code on the web.

Native"CIient makes it possible.

Documentation Version
You are viewing documentation for
Chrome/Pepper 26 (stable).

Native Client documentation is updated for each
version of Chrome/Pepper. Change version.

Coming Soon: PNaCl

Portable Native Client (PNaCl) enables
applications that are truly architecture-
independent. Developers create a single
executable; Chrome then translates the
executable for specific end-user
architectures, including x86 and ARM. See
the News & Announcements page for the
latest information about PNaCl.

david.sehr@gmail.com
Sign out

Why use Native Client?

Read the Technical Overview to find out some of
the key benefits Native Client offers developers,
as well as current limitations, common use
cases, and tips for getting started.




PPAP

. . 8 00 6 [chrome] Contents of jtri X \D "
Writing a Secure Plugin et O O
,g g | € - C  [3 src.chromium.orgiviewvc/chromeftrunk/src/native_client_sdk/sr... 57| & =
80 6 / I__"’Chromium-TheChromiu x)" 6 [chrome] Contents of /tri x‘ 273
(-7:\ ¢D src'cmomium'orginwnlnhmn?hﬂmwml 274 | static PP_Bool Instance_DidCreate(PP_Instance instance,
72 | bool PongInstance::Hand eo e / DChromlum- 275 uinth—t arge,
73 if (event.GetType() & - c | D src.chromi 276 const char* argn[],
74 event.CGetType() — : 277 const char* argv([]) {
75 // By notifying the 48 if (!instance->Bi 278 g_instance = instance;
76 // is able to get 49 delete graphics 579 nacl io_init ppapi(instance, get browser_ interface);
return true; 3
Z } else if (event.Get g? :::i::c:;i::. 280
79 pp: : KeyboardInputE 50 } ! 281 // By default, nacl_io mounts / to pass through to the original NaCl
80 key map_[key.GetKe 282 // filesystem (which doesn't do much). Let's remount it to a memfs
81 return true; 53 y 283 // filesystem.
82 } else if (event.Cet gg , CrcT:te . n:u'r 284 umount ("/");
83 pp: :KeyboardInputE write to thay 285 mount ("", "/", "memfs", 0, "");
84 key map_[key.GetKe 56 // context's bac
85 return true; 57 delete pixel buf 286
86 } 58 pixel buffer = 287 mount ("7, /* source */
87 return false; 59 288 "/persistent”, /* target */
88|} 60 289 "html5fs"”, /* filesystemtype */
o 61 290 0, /* mountflags */
62 291 "type=PERSISTENT,expected_size=1048576"); /* data */
63 needs_erase_ = G
O :
65 if (first_view_change)




Porting an Application to NaCl

1. Build as an out-of-process plugin
Convert browser interaction to PPAPI
a. 2D, audio, mouse/keyboard, files

. Convert 3D graphics to OpenGL ES2.0
. Convert Windows threads to pthreads

Convert to newlib and static linking

2

hello_world_gles (Running) - Microsoft Visual Studio
File Edt View Project Build Debug Team Data Tools Test Window Help

- el = A eI T -5 b [oebug lacld 1% |pebug
2083385

bou@a|o Hex % | [~

)/ [ Hello world GLES 2.0 x

C fn localhost:5103/index_newlb.html

|
. Solution hello_world_ales' (1 project)
= 7 hello_world_gles
@ (g External Dependencies Sstatic void URLOpened(void* user_d
i3] common.js OpenRequest® req = (OpenRequest
fragment_shader_es2.frag

€ hello_world.cc int64_t cur, total; Hello World GLES 2.0

(Global Scope;
( pe) (] Google

You are using an unsupported command-ine flag: --no-sandbox. Stabiity and security wil suffer.

] index_glibc.html int32_t cnt;
3 index_newlb.html ') ppb_urlloader_interface->GetDown
<] index_win.html
€ matrix.cc 5 // If we can't preallocate the b Status: sUCCESS
0] matrix.h fail the load
|| vertex_shader_es2.vert if (total == -1) {
req->cb_(NULL);

FreeRequest(req);

ICopyright (C) 2812 Free Software Foundation,
License GPLu3+: GNU GP n 3 or later < i//gnu.org/Licenses/gpl.htnl>
i free software: you are free to change and redistribute it.
NO 4 to the extent permitted by lau. Type show copying"
v va v for il
This GDB was configured ——host =x86_64-u64-ningu32 ——target=x86_64-nacl".
[For bug reporting instructions, please see
t of tuare/gdh/bugs/>.

Breakpoint 1 at @x219d7: file hello_world.cc, line 384.

Breakpoint 1, URLOpened (user_data=0x10846de@, mode=0) at hello_world.cc:384

8 ph_urlloa interface—>GetDounloadProgre eq—>loader_, &cur, &totald;

(gdh> bt

10 URLOpened Cuser_data=@x18@46ded, mods at_hello_world.cc:384

il @xP0OBAAABBEh65dB@ in ppapi::TrackedCallbac unCint> (O

12 0x0PPP0EARE 285368 in proxy: :PPB_URLLoader_Proxy: :OnMsgCallbackComplete< HostResour|
ce const&, in: >

113 OxD0ODPPOOBE a844ad in roxy: :PPB_URLLoader_Proxy: :OnMessageRece ived<IPC: ge constdd

0x000000000f ah6160 in roxy: :Dispatcher
0x000000ABBE a3b468 in proxy: :PluginDisp:

0x000000000f cB@1a8 in
0x080900000f c5chad kCb: n onstd) O
0x000900000F c5d860 in MessageLoo: S k(base: :PendingTask constd> >
0x000900000f c5eh68 i
0x000000080f c6cB48 i s MessagePunp: :Delegatex> (O
0x000900000f c5£540 i >
0x000000080f c6fach i
0x0@8006AARE c5hc68
0x000900000f a2h948 in PpapiPlt
5 Bx0000000I

Main <>
nStart (funcs=Bx10020190> at ppapi_plugin_start.c:69
inized out>) at start.c:48



http://www.youtube.com/watch?v=1zvhs5FR0X8

Porting an Application to PNaCl

1. Build as an out-of-process plugin

2. Convert browser interaction to PPAPI
a. 2D, audio, mouse/keyboard, files
. Convert 3D graphics to OpenGL ES2.0
. Convert Windows threads to pthreads

;. Convert to newlib and static linking
s, Remove assembly code

s



“40% of people abandon a website that takes more
than 3 seconds to load”

Sean Work

KISSmetrics




PNaCl Progress Events

M

Stream .pexe

from URL

Native Client Process

© OO / @secure shell 0.5.18 X

A
4

S A

(= C [ chrome-extension:/pnhechapfaindjhompbnficldabbghjo/html/nassh.html 5

Welcome to Secure Shell version 0.8.18.
Answers to Frequently Asked Questions: http://goo.gl/m6Nj8

"progress" events

e s e 2

function modulelLoadProgress(event) {
var loadPercent = 0.0;
var loadPercentString;

if (event.lengthComputable && event.total > 0) {
loadPercent = event.loaded / event.total * 100.0;
loadPercentString = loadPercent + '%’;
} else {
// The total length is not yet known.
loadPercent = -1.0;
loadPercentString = 'Computing...’;

3

|

appendToEventLog('progress: + loadPercentString +
" (' + event.loaded + ' of ' + event.total + ' bytes)');

|




Translation Time and Application Architecture

Time

M

-

yellowbird.jpg

Application runs

Download assets

Download .pexe Download .pexe
Translate .pexe Translate .pexe f//@/ISt Ixt
P1g.JPE
slingshot. jpg
Download assets redbird. Jpg
‘ bluebird. jpg

Application runs
pexe requests assets JavaScript requests assets



Translation Options for PNaCl Applications

Translate Speed and Execution Speed

"files": {3},

"program”: { ~50%
"portable”: {
"nnacl-translate”: { 2 ~2-3X ~80+%
"url”: "ssh.pexe”,
"-0": level
}
}
}

}

s



Translation Rate

x86 (high-end) ~750 KB/s
ARM (Chromebook) ~130 KB/s

s



Translation Rate

.o 0

x86 (high-end) ~750 KB/s ~250 KB/s
ARM (Chromebook) ~130 KB/s ~70 KB/s

s



Performance

S o e e

Box2D 55% 85%

SPEC 45 - 50% 85 - 95%

s



Portable Native Client Distribution

s

800 0 sehr —sehr@davids: ~/examples —ssh—57x18

sehr@daViE§:~/examp1es$ 1s -R
pnaclgame

./pnaclgame:
assets bin pnaclgame.html pnaclgame.js

./pnaclgame/assets:
bluebird.jpg pig.jpg slingshot.jpg
filelist.txt redbird.jpg yellowbird.jpg

./pnaclgame/bin:
pnaclgame.pexe
sehr@davids:~/examples$ |

pnaclgame.nmf

User




A Taste of Things to Come

PNaCl in Chrome



PNaCl Roadmap

Developer Features

T

x86-32, x86-64, ARM yes
pthreads, atomics yes
SIMD no
C++ Exception

. no
Handling
Tools, Examples, os
Libraries, Debugger y
Dynamic Linking no
JIT Support no

s



PNaCl Roadmap

Developer Features

I S T

x86-32, x86-64, ARM yes
pthreads, atomics yes
SIMD no yes
C++ Exception

. no no
Handling
Tools, Examples, os
Libraries, Debugger y
Dynamic Linking no no
JIT Support no no

s



PNaCl Roadmap

Developer Features

X86-32, x86-64, ARM

pthreads, atomics yes
SIMD no yes
C++ Exception
. no no yes

Handling
Tools, Examples,

. . yes
Libraries, Debugger
Dynamic Linking no no 277
JIT Support no no 277

s



PNaCl Roadmap

User Features

T e

Translation Cache yes
Developer Choice of

L yes
Optimization Level
Streaming os
Translation y
Multicore Translation no
Custom Fast

no

Translator

s



PNaCl Roadmap

User Features

T e e

Translation Cache yes
Developer Choice of

L yes
Optimization Level
Streaming os
Translation y
Multicore Translation no 777
Custom Fast

no no

Translator

s



PNaCl Roadmap

User Features

Translation Cache

Developer Choice of

. es
Optimization Level y
Streaming os
Translation y
Multicore Translation no 777 yes
Custom Fast
no no 277

Translator

s



Portable Native Client

M

C++ code

Run securely in the open web

80+% of native performance

Try it right now in Chrome 29 canary (dev channel soon)
We are targeting launch in Chrome 30



Thank Youl!
http://gonacl.com

sehr@google.com
native-client-discuss@googlegroups.com
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