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Rendering Multiple Views

e

Johannes Unterguggenberger | EGPGV 2020



1/5

Different Graphics
Pipeline Configurations

How about using brute-force?




How About Just Using Multiple Passes? M

( \\’\\)\,‘:\’P 35>

CPU GPU E - FBJ[1] FB[2] FBI3] FBIN]
/
: : ,/ +
loop j = [1..ND / ,’
activate framebuffer j - /// K
T - /
set view-matrix j . /,/
¢ T p
loopkz[l..DD * ////
p _ -~ render into FBI[}]
issue draw-call k ~ __,,f~”’
TH——— vert pfrag - 4-----"""
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Changed Framebuffer Layout

“Multi-Pass with a large, partitioned framebuffer”

CPU |

- activate framebuffer

‘ GPU |

loop j = [1..Np
set viewport j

set view-matrix j

loop k = |1 ..Du

issue draw-call k&
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Relative frame times (in milliseconds):

P(Nv'—’a
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L > ; 3 s m
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The Journey of the Triangles

“Geometry Amplification”




The Journey of the Triangles

CPU

. activate framebuffer\

GPU

loop j = [1..Np §
set viewport j
set view-matrix j T~
}l—_l_ -

loop k = [1..DD

~N-
<
(€]
=

issue draw-call k& g -~
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,“render into
.7 viewport j

P(N,—,

,CLIPyp)




The Journey of the Triangles

CPU

. activate framebuffer\

GPU

loop j = [1..N] :
set viewport j
set view-matrix j STt -
}l—_l_ - =

loop k = [1..DD

~-
<
w
=
-
uQ
1
]

issue draw-call k& g -~
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,“render into
.7 viewport j
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Moving the Loop into the Geometry Shader

CPU | GPU |

set all View—matrices\ §

activate framebuffer

—_

>

e
Vs

s .
_ - store in buffer

F B with N layers

.- _ |
j : —
render
. |
into FB |

| '. |
- | :
; lI :
loop k = [1..DD 'I :
get matrices | ,
issue draw-call k @_) , )/
vert > frag - 1
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Moving the Loop into the Geometry Shader

CPU | GPU |

set all view-matrices

activate framebuffer

-

Vs

s .
_ - store in buffer

-8 V[1L.V[N]

F B with N layers
-
- - - %: 1
o7 / :
j —
render
into FB | |

I
I
I
|
I
|

loop k = [1..DD

1ssue draw-call k 5
L%—) vert

//
frag | 1~
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“Geometry Shader Amplification”
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Replacing the Loop with Instancing M

CPU | GPU |

set all view-matrices

-8 V[1L.V[N]

e
Vs

s .
_ - store in buffer

activate framebuffer

-

loop k = [1..DD

1ssue draw-call k

- :

- get matrix V[ j] for current:
: view-id j € [1..N]!
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F B with N layers
- -- -7 % B
- - - %: B
/ :
j f—
render
into FB | : |
| ;
| —
|
|
|
|
|
I
1
/
7
frag |4~
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._-|) “Geometry Shader Instancing”
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Performance:

N € {2, 4}
3.0ms = _:_ N
2.5 ms = E
20ms = E E
1.5 ms = Il E
P(N: > D'"D)
faster by 1.0ms =
XxXms
0.5 ms = _:_
1 I *
—_ 1 [ o -1
00ms = = = — —
P(1,-&,Hy) : I ) o .
-0.5 ms = ] i 1 +
faster by | — t
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Performance: P(1,—&,Hn) - P(N,—,0-0) M

50.0 ms |~ N E {16’ 32} :—
40.0 ms b~ T T E
30.0 ms | : - E :
P (N’ > I:,I:I) 20,0 ms = E E E
faster by
] *+
X mMmsS T t
msr— :‘:
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-1
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faster by - o I —'_ — 1
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Johannes Unterguggenberger | EGPGV 2020 15 .




Performance: P(1,~&,) / P(N,—,0-0O) M

700.0% = |
N € {16, 32} :
600.0% [~ T E
500.0% |~ . : .
400.0% = E ;
Performance of 200.0% - T . +
P12, ¢ : o +
wirt, ool Tt , 5 : —
P(N,—,0-00) . L | ‘ |
100.0% |~ L : :
00%= AMD AMD NVIDIA NVIDIA NVIDIA NVIDIA NVIDIA
R9 380 RX 580 GTX 980 GTX 1060 GTX 1650 RTX 2080 RTX 2080 Ti
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Different Configurations
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Hardware-Accelerated
Multi-View Rendering

OVR_multiview




Recap: Geometry Shader Instancing

‘ CPU | GPU |

3 V[1].VIN]

-~

set all view-matrices - . “gore in buffer : -7
- | _ -

,l_:l- e render
I into FB |

activate framebuffer -7 1| |
E [ '

: I |

loop k=[1..Dy : : :

- get matrix V[ j] for current, 1

: view-id j € [1.N]! b

issue draw-call k- e !
[— vert ) geom frag |- -
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FB with N layers




Pipeline for Hardware-Accelerated Multi-View Rendering M

FB with N layers
CPU GPU
_ -y VI[1]..V[N] ’fﬁ,_.yf )
. s g _ - - —~ —>- |
set all view-matrices :©  _“gore in buffer : -7 ;7
- - - / : -
/U_ :, P render :
: _- ’1, into FB ,’ -
activate framebuffer T - 1| : B
LF-="" | |
: |
: | | -
loop k=[1..D] ' !

get matrix V[ j] for current', !
: view-id j € [1.N]! !

issue draw-call k- PRAAN ~ ’

A N R

~
£
!
N\

N

P(1.53,55) I

“Hardware-Accelerated Multi-View” or “OVR Multi-View”
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Pipeline for Hardware-Accelerated Multi-View Rendering M

CPU

set all view-matrices\ :

GPU

3 V[1]..VIN]

activate framebuffer -

, -
_~ store in buffer

-
-~
-

I
|
I
I
A

|
1

: _ |
LF-F |
: 1
: |
|

FB with N layers

------------------------------------------------------
.

- ' .
P / :
/ .
render :
. 1 -

into FB | -

To improve efficiency, the NVIDIA
compiler analyzes the input shader and

loop k=[l,.Dy

|
get matrix V[ j] for current,

view- 1d] € [1. N]I

1ssue draw-call k -
é— —— vert

produce a compiled output that executes
view independent code once, with the
, result shared across all output views,

~

frag - -

while view dependent attributes are
necessarily computed once per output

P( 7§7

VIEW,
-l) NVIDIA, TURING GPU ARCHITECTURE

“Hardware-Accelerated Multi-View” or “OVR Multi-View”

Johannes Unterguggenberger | EGPGV 2020

21 ﬁ




Performance: P(1,23,=nm) / P(N,—,0-0) M

150.0%

— " Ne{2 4, 16,32}

140.0% =

130.0% [~

120.0% =

Performance of t 110.0% 1=
3 L -

7)(17N_)’ J) 100.0%

w.r.t.

‘]D(N’ ,_).,l:ll:l) 80.0% |- e

70.0% [~

e

90.0% =

60.0% =

50.0%

40.0% =

—_—

NVIDIA NVIDIA NVIDIA NVIDIA NVIDIA
GTX 980 GTX 1060 GTX 1650 RTX 2080 RTX 2080 Ti

30.0% =

SUPER o
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Performance: P(1,23,<n) / P(N,—,0-0)

Performance of f
P(1,%2,H)

W.r.t.

P(N,—,0-0)
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Performance: P(1,23,<n) / P(N,—,0-0)

Performance of
P(1,53,Hy)
W.r.t.

P(N,—,00)

Johannes Unterguggenberger | EGPGV 2020

150.0%

140.0%

130.0%

120.0%

110.0%

100.0%

90.0%

80.0%

70.0%

60.0%

50.0%

40.0%

30.0%

NVIDIA
GTX 980

NVIDIA
GTX 1060
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NVIDIA

GTX 1650
SUPER
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Hardware Acceleration Support

How many views can actually
be hardware-accelerated with
ONE draw call?

centers, the GPU can render the

rendering pass.

With Pascal’s SMP engine, which
supports two separate projection

two

stereo projections directly in a single

NVIDIA, GeForce GTX 1080 Whitepaper

A ED)
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Turing hardware supports up to four
views per pass, and up to 32 views
are supported at the API level.

NVIDIA, TURING GPU ARCHITECTURE

P(|% |52 )




Hardware-Acceleration for ALL Views per Draw-Call

CPU |

GPU |

- -2 VI1].V[N]
set all view-matrices . /s/tore in buffer I
LI—— g |
. | -
|
loop j=[1..[¥ 5 | -7
pj=[1.1¥]]) 5 -
P A
activate framebuffer j -7 I
[F---- l
| I
loop k=[1..Dy get matrix |
| j—1)-4+v)] | v E [1..4]
issue draw-call k PREEREN v
TH—— ? F—— vert -
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Performance: P(1,23,=nm) / P(N,—,0-0) M

150.0%

— " Ne{2 4, 16,32}

140.0% =

130.0% [~

120.0% =

Performance of t 110.0% 1=
W rt 90.0% P~

‘]D(N’ ,_,.,I:lI:l) 80.0% |- e

70.0% [~

e

60.0% =
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—_—
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Performance: P( ,53,

150.0% =
N € {2, 4, 16, 32}
140.0% =
130.0% = +
120.0% = E : N
Perf ¢ 110.0% [~ E E
errormance o I L
N > f 100.0% —-_T = — ;' - ;
P( [7—‘ ~2, ) 90.0% |- : ’
Xor | | I . —
N7 o 80.0% o : : : :
P(|7].3.@ ) , : ,
70.0% |~ — ' ;
w.r.t. w00 " -
P(N’ 7 DD) 50.0% [~ E :
40.0% I~ E :
T NVIDIA NVIDIA NVIDIA NVIDIA NVIDIA
GTX 980 GTX 1060 GTX 1650 RTX2080  RTX 2080 Ti

SUPER o
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Performance w.r.t. P( ,53,

)
2
]

L]
d
e
5
e
g

b
E

> I:l_-l) P( [%]J—E% %:VFCGS‘BFCGS)

(]
=9
o
o
2

1
+

+ 1
|
230.0% f= * . 1 .
1 1 - +
220.0% |~ =% - 1 +
] ’ I - )
210.0% |~ 1 N *
6 . 1 + N
I N I i .
200.0% [~ I | I N T N
| | I ¥
190.0% = I | 1 n + -
Performance ! ! : |
180.0% |~ | : N
| T +
1 1 L +
7) N 160.0% f= 1 I I i :
N 23O -) ! | !
.
( 2 7*’\’“)7- 150.0% [~ 1 | I % $
1 |
XOr 140.0% [~ : I I
| I :
130.0% [~ I
N 1 |
P[] 3. OOy ) | |
4 s > 120.0% |~ I |
110.0% = . I
100.0% |~ ¥ ! . !
| 1 | 1 I
90.0% |- 1 1 | 1 I :
1 1 [ I l : '
80.0% |~ 1 1 I 1 | : I
I 1 ! 1 ! : :
70.0% [~ | 1 | 1 —1 ! :
_ 1 | I | :
60.0% [~ 1 1 I | :
50.0% 1 | I |
o I I 1 I +
40.0% =

P(Na'_HIZIJCLIPVP) P(I,FE,DJ,VFCGs) P([%W’%jgll%jWCGs‘BFCGS) j
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Optimizing Geometry-Shader-
Based Pipeline Variants

Culling, and Smaller Batches of Views




Recap: Geometry Shader Instancing

‘ CPU | GPU |

3 V[1].VIN]

-~

set all view-matrices - . “gore in buffer : -7
- | _ -

,l_:l- e render
I into FB |

activate framebuffer -7 1| |
E [ '

: I |

loop k=[1..Dy : : :

- get matrix V[ j] for current, I

: view-id j € [1.N]! b

issue draw-call k- e !
[ F——— vert 7 geom frag |- -
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FB with N layers




Geometry Shader Instancing OPTIMIZED

CPU GPU E -
_ -y VI[1].V[N] 1
set all view-matrices p /s/tore in buffer : - ?
- | _ - - - _)_.
| -7 .
- N ! - - / I
loop j [1--[4]]) ll/’ / I
: - fil P i
activate framebuffer j PR | ! render
TH----~ !  into FB[}]
z : e Bl
. I
loop k={1..D] get matrix | ; =
VIj—1)-441i)] | i€ [1.4] / B
issue draw-call k ~
L vert > geom 5 frag
|
|
I
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Geometry Shader Instancing OPTIMIZED

‘ GPU |

set all view—matricesx :

‘ CPU |

e

/ -
_~ store in buffer

_ - VI[I1]..V[N]

/LI_ — \ - _ -
: \\ _ -
—— !
loop j=[1.. [ﬁy \) Pk I:
PR [
: P \ 1
activate framebuffer j : -7 I ||
}LJ' - 3 !
: \ |
: \ |
!
loop k=[1 ..Dy get matrix \ !
VIGj—1)-4+i)]\ ie[l.4] !
!
issue draw-call k S « 1
[}—— vert | tesc — tese r— geom — frag -

P([Y].-
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................. FBII] ...
-
P
|
|
render
into FB[J]
FB[[%1]
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Performance w.r.t. P( ,53,

[PV N
P(N7'_’7|:| D) P(I’I—C}EE’D 7\]FCGS) P(],ﬁ,DJ) P( {Z]’FE?% %’VFCGS‘BFCGS)
240.0% — N + | |
o 1= L 1
230.0% * " | B . +
220.0% [~ EI ; 1 - N
I
210.0% |- | I N +
1 . 1 * ’
200.0% [~ | 7 1 ; f *
1
190.0% = I : : i R +
Performance — ! | : i +
. I ! i N :
w.r.t. 170.0% |~ : I 1 R
) ! | . i *
N1 ~> 160.0% |- ! I | £ *
P(Irj—‘“"’“’? ) 150.0% |- : : : % ¥
e I $
o | I |
Xor 140.0% = : I 1
I
130.0% : :
N > I 1 |
P( ’71 7W\—))%%> 120.0% [~ | /ﬁ :
1
110.0% = 1 %9
o | T T I T y
100.0% | | | | | [/o
90.0% [~ ! I I I I | /
| 1 | 1 I : '
80.0% [~ | 1 1 1 ] | 1 ’
1 I I I I :
70.0% 1 I : | 1 ! I
_ I I | I — :
60.0% [~ | I I 1 |
ne | I | I
50.0% I | ! .
40.0% —

P(Na'_HIZIJCLIPVP) P(I,FE,DJ,VFCGs) P([%W’%jgll%jWCGs‘BFCGS) j

Johannes Unterguggenberger | EGPGV 2020 34




5/5

Performance Trends

from 8.9 million measurements




e

Performance w.r.t. P( ,53,

[PV N
P(N7'_’7|:| D) P(I’I—C}EE’D 7\]FCGS) P(],ﬁ,DJ) P( {Z]’FE?% %’VFCGS‘BFCGS)
240.0% — N + | |
o 1= L 1
230.0% * " | B . +
220.0% [~ EI ; 1 - N
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e I $
o | I |
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I
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1
110.0% = 1 %9
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_ I I | I — :
60.0% [~ | I I 1 |
ne | I | I
50.0% I | ! .
40.0% —

P(Na'_HIZIJCLIPVP) P(I,FE,DJ,VFCGs) P([%W’%jgll%jWCGs‘BFCGS) j
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Performance w.r.t. P( ,53,

P(Nv'—’alj D) P(L'_OéaDJVFCGS) P(l"’w”

3, Oiy) P([E],HE, 2@, VFCes [BFCes )

240.0% —=

+

+ |
|
230.0% f= * . 1 .
+ 1 - +
220.0% |- i N I i
] * ! ) .
210.0% |- 1 | I ; + N
1 . | + t
200.0% [— I | 1 N T N
| ! I : -
> f 190.0% |- I | 1 N + -
erformance . ! . )
180.0% |~ | ! : N :
| T
w.r.t. mosl- | ! : : )
1 1 ¥
o/ 1 ¥
( N — — 160.0% = | | l f
; 2 7w~—)7- i 150.0% |= L 1 : —$— - I
I I
XOr 140.0% : I :
I
130.0% |- : | !
N7 n> | '
P(Y] 22 . ' '
4 9 9 120.0% |~ I |
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100.0% |~ ; : : '
1 1 | | I
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80.0% |~ | 1 I ! : I I
| 1 I ! ' 1 :
70.0% |— 1 1 | 1  — 1 I
_ | | I I ;
60.0% [— I I ! 1 :
50.0% [— : : : :
o +
40.0% =

P(N,—,,CLIPyp)  P(1,-B,Hi, VFCss) P([ 5], @, VFCes [BFCss) ﬁ
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N (S {16, 32} P(NV_’:DD) P(l,"%},DJ,VFCGS) P(lag*DJ) P( {%]”PE% Dy, VECes |BECas)
240.0% [~ I . . I
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I I I |
o i ' |
200.( — i : i
190.0% = | I |
Performance oo ! : |
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P(zlmoo ] .
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P72 .. : | i
B I e i | l
T L. . -
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80.( — :
20.0% = : _:_ |
60.0% ~ —1 I

P(Na'—"JDJCLIPVP) P(lﬂl_EalzlﬂachGS)
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N € {16, 32}
Large scenes only
Turing only
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N € {16, 32} P(Nv'—’alj'”lj) P(la'{éagﬂawcGS) P(l
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Performance 160.0% -
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N € {16, 32}
Large scenes only

Only low-tier GPUSs

(but also Turing!)

NVIDIA
GTX 1060

NVIDIA

GTX 1650
SUPER

Performance
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Performance w.r.t. P( ,53,
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Viewport Discrepancy M

m Lots of shared vertices for similar views
m What about incoherent view frusta? (e.g. shadow mapping)

N7
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oo G
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Performance w.r.t. P(N,—,00-0J)
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Performance w.r.t. P(N,—,00-0J) m
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Conclusion M

m Different Pipeline Variants Vs.

m The Journey of the Triangles » A

N>

m Hardware-Accelerated Multi-View Rendering =3
m Optimizing Geometry-Shader-Based Pipeline Variants

—>

N
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