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Why?

Some problems require the supercomputer of the future.
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Why?

Some problems require the supercomputer of the future.

= Anything that depends on Moore’s Law and time to become feasible.
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Why?

Games want to raise the bar:
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Why?

e Some software needs to run on pretty weak hardware.
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Why?

Some software should not use 90% of your CPU.

s = Leave room for other applications, be invisible.
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Why?
Sometimes the cheapest / lowest power CPU is the best.

= What is the lowest end CPU this will still run on? Can we go lower?
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Why?
Waiting is annoying.

* Turning on your digital camera

= (etting a train ticking at the vending machine
= Copying files to a USB stick

= Windows updates

95% complete

Working on updates
1% complete
Don't turn off your computer
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What is optimization?

Part of it is:
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What is optimization?
Think like a CPU

* [nstruction pipelines

= Latencies

= Dependencies

= Bandwidth

= (Cycles

* Floating point versus integer
= SIMD
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What is optimization?
Work smarter, not harder: algorithm scalability

= BigO

= Research: not reinventing the wheel

= Data characteristics & algorithm choice
= STL, Boost: Trust No One

= As accurate as necessary (but not more)
= Balancing accuracy, speed and memory

Instruction pipelines
Latencies

Dependencies

Bandwidth

Cycles

Floating point versus integer
SIMD
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What is optimization?

Memory hierarchy: caches
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Big 0

Research: not reinventing the wheel
Data characteristics & algorithm choice
STL: Trust No One

As accurate as necessary (but not more)
Balancingaccuracy, speed and memory
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What is optimization? - Project Management

Keeping code maintainable

= Pareto principle / 80-20 rule: roughly 80% of the
effects are caused by 20% of the causes.
= 1% of the code takes 99% of the time.

“The curse of premature optimization”

= Optimization, rule 1: “Don’t do it".

= Rule 2 (for experts only!), “Don’t do it yet”.
Optimization as a deliberate process

" Get predictable gains using a consistent approach.
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What is optimization?

“Perceived Performance”

1T
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At the end of this course:

You will know how to speed up critical code by a factor 2.5x to 25x (and more).
= You will be able to do this to virtually any program®*.

= Your understanding of higher-level optimization approaches will increase.

= You will be able to apply these principles to new / alien hardware.

= You will have a more intimate relationship with your computer.

In other words:

We will talk a lot about the ‘C’ in O(N).

* disclaimer: ‘that has not been optimized by an expert..
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Lecturer
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Prerequisites b BT vl welll) o

‘hPa‘ss - y A

C++
English

Hardware / software

You'll need access to a computer with a CPU that supports
SSE2 and OpenCL.

Obtaining VTune (Intel CPU) or CodeXL (AMD CPU) is
beneficial (VTune is free for students).

We will use Visual Studio 2017/19 (community edition).

Other tools will (also) be free.
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Literature

No book!
But that doesn’t mean you won’t be reading.
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OptmzdSummaries™

o New: overview of the lecture material, for some lectures
(goal is a full set by next year).
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Overview

Consistent Approach

(0.) Determine optimization requirements

1. Profile: determine hotspots
2. Analyze hotspots: determine scalability
tn o 3. Apply high level optimizations to hotspots
G 4. Profile again.
R 5. Parallelize / vectorize / use GPGPU
1+ rerey) 88 (e 6. Profile again.
Ve s ditruse 7. Apply low level optimizations to hotspots
T 8. Repeat step 6 and 7 until time runs out
il 9. Report.
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Overview

Consistent Approach From here on, we will assume that:
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Overview

Consistent Approach
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Overview
Consistent Approach
(0.) Determine optimization requirements
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Overview
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Assembler

B
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Quotes
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Quotes “Dear Chorles,

In 9lmost every compitation 2 grest voriety
of grrangements for the suaccession of the
Processes is possible, snd variods
considerations maust inflaence the selection

1t = nt
352t = 1

S omongst them ()
e :
. One essential object is to choose that

arrangement which shall tend to redice to 2
minimeam the time pecessary for completing
the calculation.
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Never Assume

Consistent Approach Do you actually need to speed it up?
By how much?

(0.) Determine optimization requirements

1 1. Profile: determine hotspots Things to consider:

. * You have a finite amount of time for this
%o * You don’t want to break anything

e = You don’t want to reduce maintainability

fl + refr)) &8 (ds

o e =» Focus on ‘low hanging fruit’ - typically a
small portion of the code.
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Consistent Approach

1.

Profile: determine hotspots

2.

Analyze hotspots: determine scalability

Don’t trust your intuition

= Not even when optimizing your
own code.

»  [Especiallynot when you are
proficient at optimizing.

Blind changes may reduce the
performance of the code.

Needless to say: use version
control.
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Never Assume

Crysis 2
__ 1437.0 2o Tin Gameplay Performance
Profiling 4
40

Measuring application performance 35 \,\f\\f“\/v-/\
1 Tt 30 &WV_L\(
3;2: = - 0.0 \ N
o = Using external tools @ 25 \ /
>) ('
tn o = Using timers in the code 20 \
') R = (D 15
= * diffuse;
L Measurements: 10
;fl + refr)) && (deg . 5
A e - aseruse = How much time is spent were? (inclusive / o
= true; . .

exclusive, cycles, percentage) Platform-independent

o L. = How often is each function called? |
I = Low level behavior: stalls / latencies, branch
~adiance = SampleLight( &rand . . ) .
2.x + radiance.y + radiance.z mlspredlctlons’ Occupatlon, . Platform-dependent
+ brdieat = Evalusteni e = Performance over time: lag, spikes, stutter
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Never Assume

What if the goal is to have a 10x larger army in your RTS?

2
(e Don't just measure performance, measure scalability. f O(n%) O(n)

352%

), N );

)

it ‘a = nt - nc / O(\‘n)

3t Tr = 1 - (R@

r) R = (D nnt
z * diffuse;

= true;

=fl + refr)) 8% (dept!

o
), N ); : E O |
if:ruef diffuse; ( Og n)
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Data Input (Space)
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Never Assume

Profiling - getting accurate results

A profiler needs information about your code:
this is typically available in debug builds.

>, N
)

s o However:

o) 8- G Debug builds have very different performance characteristics,
s for many reasons. We need to profile in release mode.

A1+ refr)) 88 (d

i Ee v dirruse Enabling debug information in release mode in Visual Studio:
1AXDEPTH)

= Properties >> C/C++ >> General >> Debug information
’:?timaticn - doing it format

-adiance = Samplelight( &ranc

e = Properties >> Linker >> Debugging >> Generate Debug
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Differences between debug and
release configurations

In debug:

= your code is not optimized

= debug info is added to the
executable

= variables are initialized

= memory blocks are padded
with guard bytes

= array bounds are checked

In release:
= code may be reordered

IMPORTANT:
[t makes very little sense to
optimize in debug mode.
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Never Assume
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FILE EDIT  VIEW PROJECT BUILD DEBUG NSIGHT  TOOLS CODE-BUILDER. ANALYZE WINDOW HELF  Release -  Win32 - p G. t‘, Sign in IE

Solution Explorer » I % template.h surface.h game.h game.cpp -
i @ o-

Search Solution Explorer { J ~ Bl#include “"string.h"

include “stdlib.h"
include “template.h™
include "surface.h”

m Solution 'tmpl&3.00c (1 pro;
4[] Template

H H H H

P ¥ External Dependenc include "game.h”

P *+ game.cpp

4 game.h using namespace Tmplg;

P %+ surface.cpp
: p B surface.h Elstruct Particle

P *+ template.cpp t p— A e . Platfi
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Specifies the type of debugging information generated by the compiler. You must also change linker
settings appropriately to match.  {jZ7, Zd, /2, (ZI)
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Tools

w tmpl84.00a_2013 - Microsoft Visual Studio (Administrator)

< Analysis Target

FILE EDIT  viEw P Report20150701-1703.diagsession B 3
Solution Explorer - ]
. Performance and
n @ o- N .
Diagnostics

Search Solution Explorer [ J

fad Solution 'tmpla4.00a_2
4 fm] Solution Ttems

Performance 1,
4 %] Template

Created 4 minutes ago
b ®3 External Deper =ied ==

Zapnl B _readme.txt
) b ++ game.cpp Created 4 minutes ago
at a = nt B game.h
;t)T; = b %+ surface.cpp Created 18 minutes ago
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= * diffuse; b e template.cpp
sl b B template.h
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Recently Opened Sessions

Performance Wizard -- Page 1 of 3

(drop[i].pos.
{drop[i].pos.
{drop[i].pos.
(drop[i].pos.
(drop[i].pos.

MOoM X X

options below,

What method of profiling would you like to use?

o~

)

1-p
[i]
> 28) drop[i].pos.x = 19.99f - drop[i].pos.z * @.8001f;
[i]
1.p

CPU sampling (recommended)

Monitor CPU-bound applications with low overhead

Instrumentation
Measure function call counts and timing

MNET memory allocation
Tradk managed memaory allocation

Resource contention data {concurrency)
Detect threads waiting for other threads

20) drop[i].pos.y = 19.99f - drop[

i 05.Z ¥ @.0001T;
-28) drop[i].pos.x = -19.99f + drop
i

* @.8001f;

1

=
(=]
1w
(&

-28) drop[i].pos.z = -19.99f + drop[i].pos.z * @.8001f;
20) drop[i].pos.z = 19.99f - drop[i].pos.z * @.@00lf;

- [m| X

(]

game.cpp m X ¥

Sign in
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at weight = Mis2( directPdf, brdfpds

at cosThetaOut = dot( N, L );
E * ((weight * cosThetaOut) / dire

andom walk - done properly, clos
rive)

3t3 brdf = SampleDiffuse( diffuse, N, ri

irvive;

pdf;

1 = E * brdf * (dot( N, R ) / pdf):
-ion = true:*

ﬂ tmpl84.00a_2013 - Microsoft Visual Studio (Administrator)

FILE EDIT VIEW PROJECT  EBUILD DEBUG NSIGHT  TOOLS CODE-BUILDER. ANALYZE WINDOW HELP  Release ~  Win32
Solution Explorer « 1 % [ Templatel50701(3).wsp + X Template 15070 1(2).vsp
DN B o- « Current View: Function Details || T % % W % @
) i .
Search Solution Explorer { S Tmpl8::Game::Simulate

] Solution 'tmpla4.00a_2013"
4 [%] Template

P ¥5 External Dependenc

B _readme.tt

game.cpp
game.h
surface. cpp
surface.h
template.cpp
template.h
threads. cpp
threads.h

tpipio i

Visual Studio Profiler

Ready

Template.exe

Function Body

Related Views: Caller/Callee Functions

Function Code View

T T o I T T e P T ey

simulation step 1 - move

drop[i].pos += drop[i].pos - prev_pos;
! simulation step 2 - apply gravity

drop[i].pos += gravity * @.25f;
// simulation s

p3-s

for ( int step = ®; step < 3; step++

1
{ simulation step 3a - satisfy constraints - evade other drops
5.4 % for { int j = 1 + 1; j < DROPCOUNT; j++ )
?5.8 % float dist = length( drop[i].pos - drop[j].pos };
33.7 % if (dist < (DROPRADIUS * 2))
{
1.9 % vec3 direction = normalize( drop[i].pos - drop[j].pos };
0.5 % drop[i].pos += direction * (DROPRADIUS * 2 - dist) * @.ezf
drop[j].pos -= direction * (DROPRADIUS * 2 - dist) * @.e@z2f
¥
b
// simulation step 3b - sati constraints - evade walls
if (drop[i].pos.y > 28) drop[i].pos.y = 19.99f - drop[i].pos.z * @
if (drop[i].pos.x < -20) drop[i].pos.x = -19.99f + drop[i].pos.z *
if (drop[i].pos.x » 28) drop[i].pos.x = 19.99f - drop[i].pos.z * @
if (drop[i].pps.z < -208) drop[i].pos.z = -19.99f + drop[i].pos.z *
0.1 % if (drop[i].pos.z > 28) drop[i].pos.z = 19.99f - drop[i].pos.z * @
¥
0% =~ 4

3

3

Performance metric:  Inclusive Samples % -

.0001f;
0.0001f;

.0001T;
0.0001f;

.0001f;
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Tools

@ Very Sleepy C5 - CG\Users\Jacco\AppData\Local\Temp\FS8AF.tmp
File WView Help
Functions

thWater

riangle

= * diffuse

= true;

fl + refr)

), N );

efl * E * diffuse
= true;

UNT; j++
\AXDEPTH)

o3 — dropljl.pes) .Lengthi

survive = SurvivalProba

estimaticn i [
if; Y
-adiance = Samplelight ] droapl[i] .pos

2.x + radiance.y + radi

dropl[jl.pos —

v = true;
at brdfPdf = EvaluateDiffuse
at3 factor = diffuse * INVPI

- droplil .pos

at weight = Mis2( directPdf, brdf i opl[il - -3 op[i] .pos + droplil
3t cosThetaOut = dot( N, L i oplil .pos.: dropli] .p 15.* dropli] .po

E * ((weight * cosThetaOut i e [1] - .3 < p [1] -pos + dropli]
3 ur Arom a1 e

andom walk - done proper

AR, Source flle: d:'\watel Line 97

3t3 brdf = SampleDiffuse( diffuse, N
irvive;

pdf;

1 = E * brdf * (dot( N, R ) / pdf);
ion = true:*
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Tools

at a
at Tr
) R =

* diffuse
= true;

fl + refr)

), N )
efl * E * diffuse
= true;

\AXDEPTH)

survive = SurvivalProba
estimaticn i

if;

-adiance = Samplelight

2.x + radiance.y + radiance

v = true;

it brdfPdf = EvaluateDiffuse
at3 factor = diffuse * INVPI
at weight = Mis2( directPdf, brdf

3t cosThetaOut = dot( N, L
E * ((weight * cosThetaOut

andom walk - done proper
rive)

3t3 brdf = SampleDiffuse( diffuse, N

irvive;
pdf;

1 = E * brdf * (dot( N, R ) / pdf);

ion = true:*

8| Basic Hotspots Hotspots by CPU Usage viewpoint (change) @ Intel VTune Amplifier XE 2015

& Analysis Target| | * Analysis Type| | B8 Collection Log| | Kt Summary | [SRlsnmney | *% Caller/Callee | |¢% Top-down Tree| | BB Tasks| P

Grouping: | Function / Call Stack Data Of Interest (CPU Metrics) [~

CPU Timew - @ Viewing 4 1of49 b selected stack(s)

. i c b . . . - . . ; = of 4.50/7=
Function / Call Stack Effective Time by Utilization Spin  Owverhead F4.507s)
T Tl S S _ -~ Time  Time g
Oldle BPoor 0Ok BIdeal @ Over SystemProceduralFire..on - fireobject.cpp
FireObject::checkCollision 4.507s | 0s 0s

Farr.r

FireObject:ProcessFireCollisionsRange | 3.444s [N [ 0 0 SystemProceduralFir.. fireobject.cpp:1459
= D ECTL FIOCESRS ollisionshange = S L 5 s 5

+ I FireObject:FireCr Callback= | 32.025s —- Os De SystemProceduralFire,. fireobject.cpp1377
# . FireObject:EmitterCollisionCheck<| 0.419s [
+ ["-]t".."‘."aitF:::rSinqIEII]hi;-_-ct 0= 34065 Os Smoke.exe![TBE paral...- parallel_for.h:d12
4.507= s

e Smoke.exe!Parallel..managertbb.cpp:573

Smoke.exeltbbainter...- parallel_for.h:150

1.2 313z 314c  315: 316s 31.Js 3B 310s 37 Ruler Area

Wil Startup ( 1 Frame

_Enn:lthrv.:adv.:-:. (TID: 1043 | (I o | il 4 il Thread v
_endthreadex (TID: 4392 T ) ddddd dd b 1 & - .
. — Y - T ] o A [v] B3 Running
_endthreadex (TID: 1102 w'r r Al 4 ke CPUT
b P 1=
CBatchFilterk:LHBatch |feeee b == fd _Jd0 9 2 - ime
Mk Spin and Overhead...

Usage []¥ CPU Sample
[v] P Tasks
CPU Usage

[ v O TR CTTr—
. Call Stack Mode: UiV lal -] |E| Inline Mode: LR T Functions only

rame Rate

Any Utilization
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Tools

£ MyApp - CodeXL | Profile Mode (CPU: Time-based Sampling)

File Edit View Debug Profile

CodeXL Profile Sessio...

Se|
Sep Functions
Sep # of Paths )2tk Samnles va Sammnles Celf Camnles cem Earmnlec E Py G 1
on Function (153 functions. 15 shawn) # of Paths Path Samples wg. Samples Self Samples Deep Samples f Deep Samples Source File Module
€p ' ’ per Path
Se .
:?p pow ! 54 math. MyApp.
<P i tartup 35 361
) Sep 5
: o y
) 2Ep 5 pp.cpp
_ 5 rker.cpp
T a
g2 5 math.h
=t 7
r) R
4 orkercpp
= % diffu 1
= true;
fl + refe Func Samples ; self + Children Func Samples Deep Samples % of Deep Samples
S sdoWork ‘ 6% | Pownt<doubes ) e —
s )3 = = = =
e - : ) P —
= true;
Paths containing function: pow
AAXDEPTH) .
colf -
Function o “:_“' pst_rcar_n
survive = SurvivalProba Samples Samples
if;
-adiance = Samplelight
2.x + radiance.y + radia

v = true;

at brdfPdf = EvaluateDiff
at3 factor = diffuse * IN
3t weight = Mis2( directPdf
3t cosThetaOut = dot( N, L
E * ((weight * cosThetaOut

andom walk - dor
rive)

3t3 brdf = SampleDiffuse( diffuse, !
irvive;

pdf;

1 = E * brdf * (dot( N, R ) / pdf);
ion = true:*
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Never Assume

Take-away:

ot Never assume. Profiling a/ways steers optimization.

= = inside
1t = nt ne, d
3s2t = 1.07

, s Optimize in release mode. Enable debug info during this

)

e process. Don’t forget to turn it off before distribution.

it Tr =1 - (RO +
r) R = (D * nnt

= * diffuse;
= true;

fl + refr)) 8& (depth

0, N );
efl * E * diffuse;
= true;

{AXDEPTH)

survive = SurvivalProbability o
estimation - doing it prop=: ]

if;

-adiance = SampleLight( &rand, T
.x + radiance.y + radiance.z) - O

v = true;

3t brdfPdf = EvaluateDiffuse( L, N |

at3 factor = diffuse * INVPI;

it weight = Mis2( directPdf, brdfPdf |
it cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / directPd’

andom walk - done properly, closely foll
rive)

3

at3 brdf = SampleDiffuse( diffuse, N, r1, 2
rvive;

pdf;

1 = E * brdf * (dot( N, R ) / pdf);

-i0on = true:
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Profiler Output

@ Very Sleepy (5 - G\Users\Jacco\AppData'\Local\Temp\B916.tmp
File View Help

Functions

Template
Template
Template

Template
Template

Template
: Template
Template
) Template
at a _m 45 Template
at Tr
r) R n e 2 Template
Template
= * diffuse Template
= true;
fl + refr)
), N );
efl * E
= true;
AAXDEPTH)

survive = SurvivalProba

est

if;
-adiance = Samplelight
2.x + radiance.y + radi

v = true;

3t brdfPdf = EvaluateDiffu
at3 factor = diffuse * INV — =

it weight = Mis2( directPdf, brd Source file: fi\projects\water\game.cpp
3t cosThetaOut = dot( N, L

E * ((weight * cosThetaOut

andom walk - done proper
rive)

3t3 brdf = SampleDiffuse( diffuse, N
irvive;

pdf;

1 = E * brdf * (dot( N, R ) / pdf);
ion = true:*
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Profiler Output

@ Very Sleepy C5 - G:\Users\Jacco\AppData\Local\Temp\B916.tmp
File View Help

Functions

Profiling — Results

Game::Simulate 67.89% 67.89%

Game::SmoothWater 10.54% 10.54%
1 Game::RenderZSprites 7.18% 7.18%
Game::Tick 0.00% 76.32%

at Tr
r) R =

* diffuse

Running ~3 seconds, we spent 0.86s on this line:

fl + refr)

Dl float dist = length( drop[i].pos - drop[j].pos );

efl * E * diffuse

= true;
AAXDEPTH) . . .
and 1.68s on this line:
survive = SurvivalProbal
estimation d
if;
~adi = SampleLight B . .
:xlin::‘:diani:?ye+1§;dia:vc2 l-F ( d 1 St < ( DROP RADI US * 2 ) )
v = true;
it brdfPdf = EvaluateDiffuse
at3 factor = diffuse * INVPI - e
Source file: f:\projects\water\game.cpp

at weight = Mis2( directPdf, brdf
3t cosThetaOut = dot( N, L
E * ((weight * cosThetaOut

andom walk - done proper
rive)

3t3 brdf = SampleDiffuse( diffuse, N
irvive;

pdf;

1 = E * brdf * (dot( N, R ) / pdf);
ion = true:*
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Profiler Output

1t
s2t

), N

)

at a = nt

it Tr = 1
'r) R = (D

= * diffuse;
= true;

f1 + refr)) && (dept

), N )
~efl * E * diffuse
= true;

\AXDEPTH)

survive = SurvivalProbabilit
estimation - doing it

if;

“adiance = SampleLight( Zrand
2.x + radiance.y + radiance.z

v = true;

it brdfPdf = EvaluateDiffuse( L

at3 factor = diffuse * INVPI;

at weight = Mis2( directPdf, brdfpds
it cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / directF

andom walk - done properly, clc
rive)

at3 brdf = SampleDiffuse( diffuse, N, ri

irvive;

pdf;

1 = E * brdf * (dot( N, R ) / pdf);
-ion = true:*

Profiling - finding hotspots

The profiler allows you to quickly find the parts of your program
that take most time.

But:

= Mind debug versus release;

= The profiler doesn’t tell you why a function is costly
= The profiler doesn’t report scalability

» There is no ‘cost over time’ information

=» Scalability analysis requires running the program with different
work sets (i.e., change N in O(N)).

=» Determining why a section takes a lot of time requires more
in-depth knowledge.

=>» Solving the performance issue requires even more in-depth
knowledge.
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Profiler Output

Solution Explorer A .l r003ge + game.cpp

ST | ™ General Exploration General Exploration viewpoint (change) &
3 O~ . "

€ Analysis Target Analysis Type | | B8 Collection Log | [EiEtyuE! % Bottom-up | | % PMU Events | | B8 Tasks and Frames | | Bé game.cpp Be game.cpp

; 2013 (1 proj
4 [ amplifier XE Results
4 mal Templats

Elapsed Time: 11.571s

Fl

(A) Retiring: 0.774
sueTextal

(=) Filled Pipeline Slots:

ndendies

are being can

B threads.h

(») Unfilled Pipeline Slots (Stalls
(=) Back-End Bound: 0.070

=1t pefr
), N
-afl * E * diff () Core Bound:
= true; () Front-End Bound:
~) CPU Usage Histogram
AAXDEPTH) This hi ¥ 1= n running simulta

survive = SurvivalPro

if;
-adiance = Samplelight
2.x + radiance.y + radia

v = true;

at brdfPdf = EvaluateDiff
at3 factor = diffuse * INV
3t weight = Mis2( directPdf
3t cosThetaOut = dot( N, L
E * ((weight * cosThetaOut

andom walk - done
rive)

3t3 brdf = SampleDiffuse( diffuse,
irvive;

pdf;

1 = E * brdf * (dot( N, R ) / pdf);
ion = true:*
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Profiler Output

Source

v_pos = droplil.p
simulation step 1

at a drop[i] .pos +=
at Tr simulation step
'r) R 2 roplil] .pos += gra
simalation = 3 : ; constrains
- r { int st Step steptt )
gimulation st satisfy constraints other drops

£1 4+ refr { int j = i + IT; 4+ )
), N ); float dist = lengthl{ droplil -pos
efl * E * diffuse if (dist < (DROPRADIUS *
= true; 51

52

33
{AXDEPTH)

wn
]

survive = SurvivalPro

u
]

u
el

if: simulation step ] satisfy
H
-adiance = Samplelight

2.x + radiance.y + radia

[P U U P R
un

v = true;

at brdfPdf = EvaluateDiff
at3 factor = diffuse * INV
3t weight = Mis2( directPdf
3t cosThetaOut = dot( N, L
E * ((weight * cosThetaOut

andom walk - done prope
rive)

3t3 brdf = SampleDiffuse( diffuse,
irvive;

pdf;

1 = E * brdf * (dot( N, R ) / pdf);
ion = true:*

(drop[i] .pos. v ) dropli] .pos.y = 19
dropl[i] .pos.x = —

constraints

ropli]l .pos.=

+ droplil .pos.=
-

drop[i] .pos.z
+ dropli] .pos.=
drop[i] .p - =

Clodkti

001,170
1,042,001,563

L UL,

*

CPI Rate

Unfilled Pips

ck-End
ound

Fr .
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Profiler Output

Take-away:

., Free, vendor-agnostic profilers tell you where time is spent in your
program (but not why ).

352t = 1

¥, N );
)
T Vendor-specific tools provide a wealth of information, but generally
ICLE require knowledge about the hardware processes.
= * diffuse;
AL+ refe)) 8 (dep Stalls are generally not vendor-
. specific and will be similar on
= true; . .
similar hardware.
\AXDEPTH)
;urv%ve 2 Survi@lProbabib_r_ | . . . . "
e Just timing information is often _
"adiance = SampleLight( &rand I A |
s T sufficient to make an educated
' brafedt - EvaluateDiffuse( L, I guess towards improvements_
at3 factor = diffuse * INVPI:

at weight = Mis2( directPdf, brdfpds
at cosThetaOut = dot( N, L );
E * ((weight * cosThetaOut) / directr

andom walk - done properly, close
rive)

3t3 brdf = SampleDiffuse( diffuse, N, ri, -
irvive;

pdf;

1 = E * brdf * (dot( N, R ) / pdf);

-ion = true:*
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Custom Profiling

Generic Profiler Downsides

= No ‘performance over time’ measurements
= Requires inclusion of debug information (including source code)

1T

= Not real-time

o - o = Not very intuitive

;r) ; ; Z

= * diffuse; N . - - . ny

- true; Using a custom in-app profiler we can drastically improve our profiling
;fl + refr)) && (d information-

3;fq 3‘;E * diffuse

\AXDEPTH)

survive = SurvivalProbabil
estimation - doi £

if;

-adiance = Samplelight( &ranc
2.x + radiance.y + radiance.:

v = true;

it brdfPdf = EvaluateDiffuse( L

at3 factor = diffuse * INVPI;

it weight = Mis2( directPdf, brdfr
it cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / direc

andom walk - done properly
rive)

3t3 brdf = SampleDiffuse( diffuse, N, ri
irvive;

pdf;

1 = E * brdf * (dot( N, R ) / pdf);

-ion = true:*
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Custom Profiling

)

at a = nt - nc
at Tr = 1 - (R€
'r) R = (D nn

= * diffuse;
= true;

fl + refr)) && (dept

), N );
efl * E * diffuse;
= true;

\AXDEPTH)

survive = SurvivalProbabilit
estimation - doing it

if;

"adiance = SampleLight( &rand
2.x + radiance.y + radiance.z)

v = true;

at brdfPdf = EvaluateDiffuse( L. I
at3 factor = diffuse * INVPI:

it weight = Mig2( directPdf, br-_F’Pr;-’

at cosThet £
lcﬂ‘lﬁgort‘ga/

E * ((weight directPdf
andom walk - done properly, closel
rive)

3t3 brdf = SampleDiffuse( diffuse, N, rl
irvive;

pdf;

= E * brdf * (dot( N, R ) / pdf);

1
-ion = true:*

s 2L 2L

| oL

res 11,66,
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Custom Profiling

)

at a = nt - nc
at Tr 1 - (Re
r) R = (D nnt

= * diffuse;
= true;

=fl + refr)) 8% (dept!

), N );
efl * E * diffuse;
= true;

\AXDEPTH)

survive = SurvivalProbabilit
estimation - doing it [

if;

"adiance = SampleLight( &rand
2.x + radiance.y + radiance.z)

v = true;

at brdfPdf = EvaluateDiffuse( L. I

at3 factor = diffuse * INVPI:

it weight = Mis2( directjf, brdfPdf 1

at cosThetaOut = dot( N m r‘ea

E * ((weight * cosThetaOut) / directPd:

Engine 3

andom walk - done properly, closel
rive)

3t3 brdf = SampleDiffuse( diffuse, N, rl,
irvive;

pdf;

= E * brdf * (dot( N, R ) / pdf);

1
-ion = true:*
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Custom Profiling

. [de
= insi
1t = nt
352t = 1
), N );
)
at a = nt - nc
e e T Worker 5 |
r) R = (D * nn
Worker 6 \ w
z * diffuse; Sl gl ﬁ
= true; “ Worker=7 l 2 f,
,—" 5y = *
: MainThread 13?.02 ms_

fl + refr)) && (depth BLOOM GEN 00.04 m

BOKEH DOF COMPOSE 00 02 mg

N )3 COMPOSTTION 00,04 s CRERUETF EoRyERENUeT
~efl * E * diffuse; : CPartManager::Update 00.1 CvaterVolume Render
= true; C5y5teuu"L{&da§.e() 00,16 m CHECRICETUSTD
e CharacterManager 1Syng
ryAsynchemc
1AXDEPTH) DEFERRED_CUBEMAPS 99, 467m Fixaﬁzenenaﬁ
DEFERRED_DECALS QQ 89&ms
survive = SurvivalProbability
estimation - doing it p
if;
~adiance = SampleLight( &rand, I

2.x + radiance.y + radiance.z)

v = true;

st brdfPdf = EvaluateDiffuse( L. I

at3 factor =
= Mis2( directPdf, brdfPdf

it weight

diffuse * INVPI;

it cosThetaOut =

dot( N, L );

preparefcclusion. .
Preparedcclusion Rasteriz(
Preparefcclusion Reprojec
Prepare0cclusion Reproj ec { 16)

E * ((weight * cosThetaOut) / direct g

andom walk - done properly, cl
rive)

asSel

3
3t3 brdf = SampleDiffuse( diffuse, N,
rvive;
pdf;
=E * brdf * (dot( N, R ) / pdf);

-ion = true:*
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Custom Profiling

<ty
et
'“*:
;
emetiartins £3
N
—— - \
. (depth e :
< -
= = insids SR ’& N - J
) . et aatntas o’ vl
1t = nt ne —
3s2t = 1.07 PP
), N ) LS
) - & ’
E S 4 - -

Sraen Mamor
at‘a = nt - nc, b =0epn viemcory
it Tr =1 - (RO +

r) R = (D * nnt - |

= * diffuse;
= true;

fl + refr)) 8& (depth

), N );
~efl * E * diffuse; =
= true; ’;a'ﬂxéh;cm o sacm.
{1 aiiocamomel n-‘l-ut (RRLL aliocat .ons] wieere (2
# 3 cvervend » weis :J-) fk-mn
e Sif wage o LR o e e 111 Syten (33 stlccatiom]
\AXDEPTH) uﬁ—a‘m I 0 5 oo CHENG Sliossimnl ewstarenag: ¥ ersoes (1
Coomaues sage 13 THLEE 34 SeRel wsaee 35 Sytes ovashoss TS5 &l easstese]
survive = SurvivalProbability @@ mme-ﬁuz (]
estimation - doing it prope !l 1.76 4 oversens (0163 o1 tocunrams)
if; (atersal | Temery: chwai e ()
B A e cotesens)
-adiance = SampleLight( &rand, 1 217 Sytes oversess [44 ot tooet ioms]

.x + radiance.y + radiance.z) - O

v = true; o A —
3t brdfPdf = EvaluateDiffuse( L, N | m d

at3 factor = diffuse * INVPI;
) e
it cosThetaOut = dot( N, L ); —— -~ Star\cr\aft II

E * ((weight * cosThetaOut) / directPd’

andom walk - done properly, closely ¥
rive)

at3 brdf = SampleDiffuse( diffuse, N, r1, 2
rvive;
pdf;
=E * brdf * (dot( N, R ) / pdf);
-i0on = true:
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Custom Profiling

Take-away:

e In-app profiling provides advantages over external profilers:
) o * You get real-time information, which is easily associated with
e what is going on in the app;

it Tr =1 - (RO
r) R = (D * nnt

- st = You can measure statistics that are not available to the profiler;
1+ refey) 88 (depeh = You can present the data

a1 in a form that is also useful

- true; to people not familiar with

T . the intricacies of the

;E;Ziliéoi“fvilii?iﬁaf*?f“"' ; profiler.

H
~adiance = SampleLight( &rand, I,
2.x + radiance.y + radiance.z)

v = true;

it brdfPdf = EvaluateDiffuse( L. I |

at3 factor = diffuse * INVPI:

it weight = Mis2( directPdf, brdfPdf |
3t cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / directPds

andom walk - done properly, closely |
rive)

3

3t3 brdf = SampleDiffuse( diffuse, N, r1, 2
rvive;

pdf;

1 = E * brdf * (dot( N, R ) / pdf);

-i0on = true:
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Considerations

), N
3)
at a = nt

at Tr = 1
'r) R = (D

= * diffuse;
= true;

2l + refr)) &2
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Custom timers: what to measure?

= Time spent in your code This is what you can control
= ‘Wall clock time’ Including file 1/0, library calls, ...
= (Cycles CPU-independent (but: rate may change)

In what quantities?

*» A millisecond is a /ong time

= Averaged / smoothed values are easier to read
= Relative performance may be better

The impact of measurements:

= Especially relevant for brief snippets of code
= Logging is expensive!
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Considerations

Consistent Approach

—(0) Determine optimization requirements

1. Profile: determine hotspots
2. Analyze hotspots: determine scalability

)

o oo — 3. Apply high level optimizations tg hotspots

G 4. Profile again.

e 5 Parallelize / Vectorize / use GPGPU
6. Profile again.

1 Ve aittuse — 7. Apply tow tevet optimizations to hotspots

T 8. Repeat steps 6 and 7 until time runs out

il 9. Report.
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And Finally:

Profiling:

Without it, no optimization - we need to know

it How to profile: tools, custom timers, CPU + GPU

bR What to profile: realistically (release!), raw performance, scalability
SY (but also: cache misses, pipelining, branch prediction)

Keep in mind: profiling takes time too.
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o Repeated profiling: things change, if you're doing it right. Stay informed.
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END of “Introduction”
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