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Overview Vlé[hq

aushn, texns

e Design Objectives/Features

* Provide an API for development of OpenGL-based Multipipe
applications

* ‘Runtime portability’ from desktop to multi-pipe systems
e ‘Runtime scalability’
e Minimize invasiveness

Sort of like a multipipe GLUT
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e From Single-pipe systems to Multi-pipe systems
Application is independent of system configuration
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Runtime Scalability
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Minimal Invasiveness Vlg[hq
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e Callback driven

e Basic OpenGL Framework

e Relatively simple GLUT-like C API
e Channel & Stereo Independent



OpenGL Rendering
(Application code)

Application | Callbacks

Multipipe Management
(MPK)

System Configuration
(MPK Config file)

Load at

runtime




System Configuration Vlé[hq
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e MPKConfig

« Hierarchical Description of System Configuration
« Specifies the relationships between different components

e MPKChannel

« Basic, display device independent OpenGL rendering unit.
 These are “framebuffer resources”

e MPKConfig Hierarchy

* A Config has one or more Pipes
* A Pipe has one or more Windows*
A Window has one or more Channels
* Each window has a dedicated rendering thread



Application Flow

Load Configuration
from file

Set MPK Callbacks,
Initialize shared data

Call
mpkConfiglnit ()

Call Exit

mpkConfigFrame () Application?

Update frame
data

Invoke Exit
callbacks,
Free shared data

Call
mpkConfigExit ()

2
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Application Flow 7104
Render execution flow is controlled by ...

mpkConfigFrame()
.. Which leads to execution of ...
the draw scene callback (per channel)

» Executes one frame of rendering
* Window threads invoke update callbacks
 Passed framedata is distributed latency-correct

10



Application V|§[hl|
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#include <mpk/mpk.h>

mpkInit();
MPKConfig* cfg = mpkConfigLoad(configFileName);

mpkConfigSetWindowlnitCB(cfg, initWindowCB) ;

mpkConfiglnit(cfg);
while ( notDone ) {

updateSharedData( &framedata );

mpkConfigFrame( cfg, framedata );

}

mpkConfigExit(cfg); 11
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mpkChannelApplyBuffer( c );
mpkChannelApplyViewport( c );
glClear( GL COLOR_BUFFER_BIT | GL_DEPTH BUFFER BIT );

gIMatrixMode( GL_PROJECTION );
glLoadldentity();
mpkChannelApplyFrustum( c );

gIMatrixMode( GL_MODELVIEW );
glLoadldentity();
mpkChannelApplyTransformation( c );

drawSharedData( c, framedata );

12



Rendering Flow
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Pipe => Window => Thread => GL Context => Channel

Application Thread

for each frame

mpkConfigFrame

S

Window Thread

for each window

do per window work

V

Window Thread

for each channel

do channel rendering

V

13
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e Simple ASCII file representation of MPKConfig data
structure

e Hierarchical Description for Framebuffer Resources
e Channel Physical Layout
e Channel Decomposition

14



1 pipe, 1 window

config {
name “l-window”
pipe {
window {
name “MPU:simple”
viewport [ 0.25 0.25 0.5 0.5]
channel {
name “channel”
wall {
bottom left [O O O]
bottom right [1 O 1]
top left [1 1 1]

15
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1 pipe, 2 windows

config {
name “2-windows”
pipe {
window {
name “left”
viewport [ 0.25 0.25 0.25 0.5]

channel {
name ‘“channel”
wall {
bottom left [O O O]
bottom right [1 O 1]
top left [1 1 1]
+
+
¥
window {

name “right”
viewport [ 0.5 0.25 0.25 0.5]
channel {

}
}
}

16
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e Compounds provide an abstraction for parallel rendering

A Config can have one or more compounds

Compounds can be hierarchical with a tree-like structure
Compounds reference channels as sources and/or destinations
SW as well as HW compositing

Scaling may require some application awareness

17



Compounds

Source channel 0 Source channel 1 Source channel 2 Source channel 3

Destination
channel
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config {

# one or more pipes with windows and channels
pipe {
+

# compound for the above config

compound {
# specifty the compound type, format and output channel

mode [ 2D/DB/DPLEX, HW/NOCOPY, etc ]

format [ COLOR, DEPTH, etc]

channel '‘channel 1*

# specify one or more source channels and their params

region {

}

19
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e Commonly used Modes
o 2D (screen tiling)
DB (database decomposition)
« DPLEX (time-slice multiplexing)
 EYE (stereo decomposition)
e Others...

20



2D Compound

Each pipe renders a different viewport

21



2D Compound Vlg[hq
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compound {
mode [ 2D ]
format [ COLOR ]
channel '‘channel 1"
region {
viewport [ O., .0, 1.0, 0.5 ]
channel “channel 1"

+

region {
viewport [ O., .5, 1.0, 0.5 ]
channel '‘channel 2"

+

22
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e Automatic Load balancing

 Based on timing values from last frame
 Good results for low-latency decompositions
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Each pipe renders a different part of the data set

[
(ﬁﬂ N times pixel fill rate
N times texture memory

N times texture download rate

24
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Compositing order changes with view
Adaptive Readback comes in handy
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DB Compound Vlg[hq
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compound {
mode [ DB ]
format [ COLOR DEPTH ]
channel '‘channel 1"
region {
range [ 0., 0.5 ]
channel “channel 1"

+
region {
range [ 0.5, 1 ]
channel '‘channel 2"
+
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Each pipe renders a different frame
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DPLEX Compound

compound {
mode [ DPLEX 1}
format [ COLOR ]
channel '‘channel 1"

region {
channel “channel 1"
+
region {
channel '"channel 2"
+
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e Choosing the right decomposition mode

Geometry  Pixel Bandwidth  Graphics Application

Mode Processing  Fill  tographics Memory Transparent
2D Y/N Y N \ Y/N
DPLEX Y % Y \ Y

DB Y Y Y Y N

30



Hierarchical Compounds Vlé[hll
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compound {

mode [ DPLEX ASYNC ]
channel '"channel™
region {
compound {
mode [ DPLEX ASYNC ]
channel "dplex::1"
region { channel "dplex:a:1" }

+ 3
region {
compound {

mode [ DPLEX ASYNC ]
channel "dplex::2"
region { channel "dplex:b:1" }

+ 3

region {

+} 31



Hardware Composition Vlg[hq
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compound {
mode [ 2D HW NOCOPY ]
channel "channel0"
region {
viewport [ O., .75, 1., .25 ]
channel "channelO"

+

region {
viewport [ O., .25, 1., .25 ]
channel '‘channel2"

+

32



e Combined DPLEX - 2D
Pipe O Pipe 1 Pipe 2 Pipe 3

\A 4
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e Related Projects
« Chromium
http://chromium.sourceforge.net
e OpenGL Multipipe (OMP)
http://www.sgi.com/software/multipipe
« CAVELIDb
* VRJuggler

34
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Aware Applications Unaware Applications
Effort required to port the Effort goes into the intercept-
app to run in MP dispatch library (CR, OMP)
environment (MPK, PF)
Good scalablility with app Good/Limited scalability
work depending on the app
Immersive environments Immersive environments not

easier to handle SO easy

35



MPK vs OMP 7éod
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Multipipe SDK OpenGL Multipipe
API for writing MP apps Transparent app layer
App scales fill, geometry, Scales display size, fill,
memory and display well. Limited geometry,

texture, scaling.

36



Recap. Features

o fork, sproc, pthread support
 Event-driven execution model

» Adaptive readback interface

* App-created windows support
* Non-threaded windows support
« Xinerama integration

e Custom compositing interface

®
- ASCII File Format specification

e Multi-frustum support
 Dynamic parallel rendering

2
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- Compound class specification

« 2D, DB, EYE, DPLEX and FSAA compounds
* RGBA, Z and STENCIL image compositing
» Latency / ASYNC decomposition

* Automatic load-balancing

» SGI Scalable Graphics Hardware integration

o Off-axis frustum computations
» Stereo / Head-Tracking support
* Head Mounted Display [ HMD ]
* Mirrored Projection Support

37



MPK: More Information Vlé[hq
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e MPK 3.0.1 web release available

e Multipipe SDK product web site
http://www.sgi.com/software/multipipe/sdk

e Engineering mailing list
mpsdk@els.sgi.com

38
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MPK: Configuration Vlg[hq
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Reality Center
MPK Configuration

I—I—I

pipe pipe
X-display X-display
(stereo) (stereo)

window window
. GLXdrawing area GLX drawing area

channel
GL viewport
channel Physical Layout
5L viewport

.
e LN

Physical Layout
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