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Introduction

Why?

Some problems require the supercomputer of the future.
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Introduction

Why?

Some problems require the supercomputer of the future.
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Introduction

Why?
ot Games want to raise the bar.

ST = More, better, faster. Also: be scalable.
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Introduction

Why?

Some software needs to run on pretty weak hardware.
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Introduction

Why?

Some software should not use 90% of your CPU.
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Introduction

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?
Some things are done so frequently, they must be efficient.

= Memory manager

= (Garbage collector

= JIT compiler

= Compilers in general

= [mage processing in Photoshop
= (OS startup / resume
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Introduction

What is optimization?
Part of it is:
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Introduction

What is optimization?
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Introduction

What is optimization?

Work smarter, not harder: algorithm scalability
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Introduction

What is optimization?

Memory hierarchy: caches

= (Cache architecture

o = = (Cache lines

k= (0 » Hits, misses and collisions
e = Eviction policies
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What is optimization?
Don’t assume, measure

| = Profilers
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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

" Getpredictable gains using a consistent approach.
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Introduction

What is optimization?
“Perceived Performance”

1. Wait for user input
= 2. Respond to user input as quickly as possible
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At the end of this course:

You will know how to speed up critical code by a factor 2x to 10x (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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it =
2t

Room 4.24 BBG

¥}

it a=nt
3t Tr = 3
') R = (D

= * diffuse;
= true;

fl + refr)) 83 (¢

), N );
‘efl * E " diffus:
= true;

ERER Y T

survive = Survival
estimation - doiry
it

.% + radiance.y {58
v = true; *-
't brdfPdf « Evale
t3 factor = diff.
't weight = Mis2( .
it cosThetaOut = ¢ = :
E * ({weight * coaincravuw; / ofi Soo

sndom welk - done prope ‘y
rive)

]

3t3 brdf « SampleDiffuse{ diffuse, N, ri
irvive;

paf;

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

-38n = true:

@ . TEST LEVEL 3
" TEST LEVEL 4

u
Z o 2
J.\ original lemmings

5
TEST LEVEL 1

TEST LEVEL 2

= classic made by

’l lI . PSHYGNOSIS

Lemmings for WindowsCE

&

by Jacco Bikker

B,



mailto:j.bikker@uu.nl

INFOMOV - Lecture 1 - “Introduction” 20
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N, rl

Prerequisites

s p""nmre mereiy he;'e 3‘:
Bt - hpass ,
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 to try for 30 days).

We will use Visual Studio 2017 (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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Audience

(o Any computer science student
(with a slight bias towards games)

¢ Tr = 3 ~ (RD
ey R = (0 * nnt

= * diffuse;

= true; 7
: g s
fY + refr)) 83 (deoth R g

R AR a7

), M ): oy A eERe T T
efl * E " diffuss; Ay e (5
= true; it ! 1) L S ¢

IAXDEPTH)

survive = SurvivalProbabilic
estimation - doing it prog

it

-adiance = Semplelight( frand. ~
.x + radiance.y + radiance o)

v = true; . .
. brdfP - Evalustepiffuse( L, 1 Make sure you get as much as possible out of this
st weight = Mis2( directedf, brdfpdl

't cosThetaout - dot( K, L ) course. This automatically includes a free pass.

E * ({weight * cosThetaCut) / dirsct dt
andom welk - done properly, closs
sive)

3t3 brdf « SampleDiffuse{ diffuse, N, ri, -
irvive;

paf;
¥ = E * brdf * (dot( N, R ) / pdf);
38N = true:



Today’'s Agenda:

Introduction

3t & =

it Tr = 3
r) R =

Course Formalities

High Level Overview

¥l + refr)) &3

), N );
‘efl * E " diffuss
= true;

Profiling

\AXDEPTH)

survive = SurvivalProbablill
estimation - doing 4

it

-adiance = Semplelight( Sran
».x + radiance.y + radiance

v = true;

it brdfPdf =« EvaluateDiffuse

3t3 factor = diffuse * INVPT

3t weight = Mis2( directPdf, brdfF

it cosThetaOut = dot( N, L );

E * ({weight * cosThetaCut) / dir=scti

sndom walk - done properl
sive)

.

3t3 brdf =« SampleDiffuse{ diffuse, N
irvive;

paf;

¥ = E * brdf * (dot( N, R ) / pdf);
-3an = true:




INFOMOV - Lecture 1 - “Introduction” 25

Overview

Consistent Approach

(0.) Determine optimization requirements
Profile: determine hotspots

Analyze hotspots: determine scalability
Apply high level optimizations to hotspots
Profile again.

Parallelize / vectorize / use GPGPU
Profile again.

Apply low level optimizations to hotspots
Repeat step 6 and 7 until time runs out
Report.

fl + refr &3
), N );

efl * E " diffus=
= true;

\AXDEPTH)

§2 09 B oy Gl o 2o N

survive = SurvivalProbsbl
estimation g0 of

if;

-adiance = Samplelight

. x + radiance.y + radiance

v = true;

it brdfPdf « EvaluateDiffuse
3t3 factor = diffuse ® INVPT
3t weight = Mis2( directrdf,
it cosThetaOut = dot( N, L
E * ({weight * cosThetaCut)

sndom walk - done prope
sive)

]

3t3 brdf « SampleDiffuse{ diffuse, N
rvive;

paf;

Y = E * brdf * (dot( N, R ) / pdf);
-3an = true:
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Overview

Consistent Approach From here on, we will assume that:

(0.) Determine optimization requirements » the code is ‘done’ (feature complete);

= Target hardware (or range of hardware) " aspeed lmprf)vement 15 req.ulred; _
= Target performance = we have a finite amount of time for this.

- » Time available for optimization
e = (Constraints related to maintainability / portability

Profile: determine hotspots

Analyze hotspots: determine scalability
Apply high level optimizations to hotspots
Profile again.

Parallelize / vectorize / use GPGPU
Profile again.

Apply low level optimizations to hotspots
Repeat steps 6 and 7 until time runs out
Report.

), N Y;
efl * E " diffuss
= true;

1AXDEPTH )

survive = SurvivalProbabl
estimation 0o

if;

-adiance = Semplelight

. x + radiance.y + radiance

¥ = true;

yt brdfPdf « EvaluateDiffuse
3t3 factor = diffuse ® INVPT
3t weight = Mis2( directrdf,
it cosThetaOut = dot( N, L
E * ({weight * cosThetaCut

O RCONTHISOECIIRNCORIT =

ndom walk - done
sive)

.

3t3 brdf « SampleDiffuse{ diffuse, N
rvive;

paf;

' = E * brdf * (dot( N, R ) / pdf);
-3an = true:
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Overview

Consistent Approach

(0.) Determine optimization requirements

1. Profile: determine hotspots

2. Analyze hotspots: determine scalability
3. Apply high level optimizations to hotspots
o 4. Profile again.

e 5. Parallelize / vectorize / use GPGPU
A1 rete)) 6. Profile again.
i e+ dhttuse 7. Apply low level optimizations to hotspots
T 8. Repeat steps 6 and 7 until time runs out
. 9. Report.

-adiance = Samplelight
. x + radiance.y + radiance

v = true;

it brdfPdf « EvaluateDiffuse
3t3 factor = diffuse ® INVPT
3t weight = Mis2( directrdf,
it cosThetaOut = dot( N, L
E * ({weight * cosThetaCut)

sndom walk - done prope
sive)

]

3t3 brdf « SampleDiffuse{ diffuse, N
rvive;

paf;

Y = E * brdf * (dot( N, R ) / pdf);
-3an = true:
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Overview

Consistent Approach

(0.) Determine optimization requirements

1. Profile: determine hotspots

2. Analyze hotspots: determine scalability
. 3. Apply high level optimizations to hotspots
o 4. Profile again.

e 5. Parallelize / use GPGPU
s e 6. Profile again.
i e aurrs 7. Apply low level optimizations to hotspots
2 - * caching, data-centric programming,

= removing superfluous functionality and precision,

survive = SurvivalProbsabl

J{EkEton. <ot = aligning data to cache lines, vectorization,
S i e e = checking compiler output, fixed point arithmetic,

¥ = true;
it brdfPdf « EvaluateDiffuse
3t3 factor = diffuse ® INVPT

e RS o-ond 7 until time runs out
E‘ ({ffigy“tl“c’:osThetaCut‘ dirs 9 Report-
rive)

]

3t3 brdf « SampleDiffuse{ diffuse, N
rvive;

paf;

' = E * brdf * (dot( N, R ) / pdf);
-3an = true:
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Overview
Consistent Approach
| dHighlevel
(0.) Determine optimization requirements
1. Profile: determine hotspots
2. Analyze hotspots: determine scalability Cache & Mem ory
. 3. Apply high level optimizations to hotspots
; 4. Profile again.
5. Parallelize / vectorize / use GPGPU
oy 6. Profile again.
it Ve - e 7. Apply low level optimizations to hotspots
’ 8. Repeat steps 6 and 7 until time runs out
- 9

. Report. .
;:r::f'\rlz;furv&wtjllw'cL:- : p CPU arChlteCture

GPGPU '

-adiance = Semplelight
. x + radiance.y + radiance

¥ = true;

yt brdfPdf « EvaluateDiffuse
3t3 factor = diffuse ® INVPT
3t weight = Mis2( directrdf,
it cosThetaOut = dot( N, L
E * ({weight * cosThetaCut

sndom walk - done
sive)

.

3t3 brdf « SampleDiffuse{ diffuse, N 1
rvive;

paf;

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

-3an = true:
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Overview

215, '-_.. .
double u,

Assembler

B

In this course, we will not write assembler:

» = [t takes a pro to outperform the compiler
e - = You will be fighting the compiler

3T T

) ® - = You will have to redo the optimization for every
iy target processor

14 rete » Maintainability will be zero.

en 2e - aver

1AXDEPTH )

survive = SurvivalProb
estimation 0

if;

-adiance = Semplelight

.x + radiance.y + radia

¥ = true;
it brdfPdf « EvaluateDiffus
1t3 factor = diffuse * TNVPIT

3t weight = Mis2( direct2df
it cosThetaOut = dot( N, L
E * ({weight * cosThetaCut

sndom walk - done

sive)

3

3t3 brdf < SampleDiffuse( diffuse
irvive;

paf;

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

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

AXDEPTH)
survive = SurvivalProbsabl

estimatior

if;

-adiance = Samplelight

. x + radiance.y + radiance

¥ = true;

it brdfPdf « EvaluateDiffuse

3t3 factor = diffuse ® INVPT

3t weight = Mis2( directrdf, if
it cosThetaOut = dot( N, L

E * ({weight * cosThetaCut) / dirs

sndom walk - done
sive)

.
3t3 brdf « SampleDiffuse{ diffuse, N, r!

irvive;

paf;

ion » tru

;
¥ = E * brdf * (dot( N, R ) / pdf);
- 3 rue*

“We should fc‘nyet about small ey?z"cz'encz'e&, say about 977% g[‘ the
time: premature gptz'mz'zatz’on s the root Qf‘ all evilf. @s’t we
should not pass up our opportunities in that critical 3%. L

( Denald {nut/: )




INFOMOV - Lecture 1 - “Introduction”

32

Quotes

fl + refr &3

), N )i
efl * E " diffuss
= true;

\AXDEPTH)

survive = SurvivalProbabl
estimation going

if;

-adiance = SempleLight( 8ra
. x + radiance.y + radiance

v = true;
it brdfPdf « EvaluateDiffuse
yt3 factor = diffuse * INVPT

it weight = Mis2( directpdf, brdfF

it cosThetaOut = dot( N, L )
E * ({weight * cosThetaCut) d

sndom walk - done prope
rive)

]
3t3 brdf « SampleDiffuse{ diffuse, N, r!

irvive;
paf;
y=E *

ion » tru

brdf * (dot( N, R ) / pdf);
rue*

‘%mjmficant z'mJarovement n Jae7f6rmance can ofien
be achieved. b:}/ solvin 1g on{}/ the actual Jaroﬁfem and

removing extraneous functz'onafz’é}/. i ( Wk}jeﬂa)




INFOMOV - Lecture 1 - “Introduction”

33

Quotes

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

\AXDEPTH)

survive = SurvivalProbsbl
estimation go1ng

if;

-adiance = Samplelight

. x + radiance.y + radiance

v = true;
it brdfPdf « EvaluateDiffuse
3t3 factor = diffuse ® INVPT

3t weight = Mis2( directrdf, IfF

it cosThetaOut = dot( N, L

E * ({weight * cosThetaCut) / dirs

sndom welk - done prope
sive)

]
3t3 brdf « SampleDiffuse{ diffuse, N, r!

irvive;

paf;

ion » tru

H
¥ = E * brdf * (dot( N, R ) / pdf);
- 3 rue*

‘mzzre computing sins are committed in the name of‘
efﬁ'a’enc:}/ ( without nece&mrz'fy ac/fz'ew'nj z't) than ffyr any
other Jz'njfe reason — z'ncfuc[z'nj blind Jtuficﬁé}/. ’ ( W A

e,
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Quotes

3
y
2 %
x
g
-
-
™
5
s
-
®
7 i
Sd x
=
), R -
x
3) iy
\.T
== ‘.
't a = :Z:r"
o= b A
ey R o= (O o ¢ y e
) Y 4 /
=y R
ex .
= * diffuse e -4
L -
= true;
¢ 2

¥l + refr)) &3

), N );
‘efl * E " diffuss
= true;

i

—

\AXDEPTH)

survive = SurvivalProbablill
estimation - doing 4

it

-adiance = Semplelight( Sran
».x + radiance.y + radiance

v = true;

it brdfPdf =« EvaluateDiffuse

3t3 factor = diffuse * INVPT

3t weight = Mis2( directPdf, brdfF

it cosThetaOut = dot( N, L );

E * ({weight * cosThetaCut) / dir=scti

sndom walk - done properl
sive)

.

3t3 brdf =« SampleDiffuse{ diffuse, N
irvive;

paf;

¥ = E * brdf * (dot( N, R ) / pdf);
-3an = true:
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Quotes “Dear Chorles,

In 9lmost every compitation 2 grest voriety
of grrangements for the succession of the
Processes is possible, snd variods
considerations mest influence the selection
omonsst them ()

it =t
}SIT =
), N
¥)

3t a = nt
3t Tr = 3
ey R =(0 %

One essential object is to choose that
arrangement which shall tend to redice to 2
minimeam the time necessary for completing
the calculation.

= * diffuse;
= true;

fl + refr)) 83 (deot

), N );
‘efl * E " diffuss
= true;

\AXDEPTH)

survive = SurvivalProbabilic
estimation - doing it

it

-adiance = SempleLight( Srand. ~
. x + radiance.y + radiance.:)

Therefore one should ottend INFOMOV ond
leorn from Jt

v = true;

3t brdfPdf =« EvaluateDiffuse: L

1t3 factor = diffuse * TNVPT

it weight = Mis2( directpdf, brdfpdl

it cosThetaOut = dot( N, L ); ﬂé{ ”
E * ({weight * cosThetaCut) / dirsctid! \ L@W@, c?

andom welk - done properly,
rive)

]

3t3 brdf « SampleDiffuse{ diffuse, N, rL
irvive;

paf;

y = E * brdf * (dot( N, R ) / pdf);
-38n = true:




Today’'s Agenda:

Introduction

3t & =

it Tr = 3
r) R =

Course Formalities

High Level Overview

¥l + refr)) &3

), N );
‘efl * E " diffuss
= true;

Profiling

\AXDEPTH)

survive = SurvivalProbablill
estimation - doing 4

it

-adiance = Semplelight( Sran
».x + radiance.y + radiance

v = true;

it brdfPdf =« EvaluateDiffuse

3t3 factor = diffuse * INVPT

3t weight = Mis2( directPdf, brdfF

it cosThetaOut = dot( N, L );

E * ({weight * cosThetaCut) / dir=scti

sndom walk - done properl
sive)

.

3t3 brdf =« SampleDiffuse{ diffuse, N
irvive;

paf;

¥ = E * brdf * (dot( N, R ) / pdf);
-3an = true:
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Never Assume

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

(0.) Determine optimization requirements

1. Profile: determine hotspots Things to consider:
o= * You have a finite amount of time for this
8- = You don’t want to break anything
e = You don’t want to reduce maintainability
L AN =» Focus on ‘low hanging fruit’ - typically a
T small portion of the code.

survive = SurvivalProbzbl
estimation 40 E

it

-adiance = Semplelight( fra
. x + radiance.y + radiance

v = true;

it brdfPdf « EvaluateDiffuse

yt3 factor = diffuse * INVPT

it weight = Mis2( directpdf, brdfF
it cosThetaOut = dot( N, L )

E * ({weight * cosThetaCut)

sndom welk - done prope
rive)

.

3t3 brdf « SampleDiffuse{ diffuse, N
irvive;

paf;

¥ = E * brdf * (dot( N, R ) / pdf);
-3an = true:
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Never Assume

3t a4 = nt
14
'r) R = (L

* diffuse

= true;

¥l 4 refr)) &8 (¢

), N Y;
‘efl * E " diffuss
= true;

\AXDEPTH)

survive = SurvivalProbzbll
estimation doing

it

-adiance = Semplelight( fra
. x + radiance.y + radiance

v = true;
it brdfPdf « EvaluateDiffuse L
1t3 factor = diffuse * TNVPT

it weight = Mis2( directpdf, brdfF

it cosThetaOut = dot( N, L )
E * ({weight * cosThetaCut)

sndom welk - done prope
sive)

3t3 brdf « SampleDiffuse{ diffuse, N

irvive;
paf;

H
¥ = E * brdf * (dot( N, R ) / pdf);

-3an = true:

Consistent Approach

1.

Profile: determine hotspots

2.

Analyze hotspots: determine scalability

Don’t trust your intuition

= Not even when optimizing your
own code.

»  FEspeciallynot 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

Frame Tim

45

Crysis 2
Gameplay Performance

40

-

. VA

. 1437.0
Profiling
Measuring application performance
: 0.0
X = Using external tools
o = * Using timers in the code
e Measurements:

1l + refr)) 83 (¢

e e - ateruse = How much time is spent were? (inclusive /
: exclusive, cycles, percentage)

= How often is each function called?

\AXDEPTH)

survive = SurvivalProbsbil

' = Low level behavior: stalls / latencies, branch
-adiance = Semplelight( fra i : i .

T mispredictions, occupation, ...

+ bt - Eunlateniffae = Performance over time: lag, spikes, stutter

3t weight = Mis2( directPdf, brdfF
it cosThetaOut = dot( N, L );
E * ({weight * cosThetaCut) direc

sndom walk - done prope
sive)

.

3t3 brdf « SampleDiffuse{ diffuse, N
irvive;

paf;

¥ = E * brdf * (dot( N, R ) / pdf);
-3an = true:

" \

N/\Mvm

FPS

15

y \ /
e

10

5

0

Platform-independent

Platform-dependent
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Never Assume

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

Don’t just measure performance, measure scalability."" f

it = nt
3s2t = |
e B )5
3}

3t a = nt

3t Tr = 3 5
ey R =(0 *r
= * diffuse;

= true;

fl + refr)) 83 (deot

g
), N ); -
‘efl * E " diffuss ‘_
= true;
\AXDEPTH)

survive = SurvivalProbabilic
estimation - doing it

it

-adiance = Samplelight( fSrand. ~
2.x + radiance.y + radiance.:)

v = true;

it brdfPdf = EvaluateDiffuse: L. &

1t3 factor = diffuse ™ TNVPT,

it weight = Mis2( directedf, brdfpdf

it cosThetaOut = dot( N, L );

E * ({weight * cosThetaCut) / dirsctid!

sndom walk - done properly,
sive)

Data Input (Space)

]

1t3 brdf « SampleDiffuse{ diffuse, N, ri
irvive;

paf;

¥ = E * brdf * (dot( N, R ) / pdf);
-38n = true:
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Never Assume

fl + refr &3

), N Y;
efl * E " diffuss
= true;

\AXDEPTH)

survive = SurvivalProbzbl
estimation 40 g

it

-adiance = Semplelight( fra
. x + radiance.y + radiance

v = true;

it brdfPdf « EvaluateDiffuse

yt3 factor = diffuse * INVPT

3t weight = Mis2( directrdf,
it cosThetaOut = dot( N, L )

E * ({weight * cosThetaCut) d

sndom welk - done prope
rive)

]
3t3 brdf « SampleDiffuse{ diffuse, N, r!

irvive;

paf;

Y = E * brdf * (dot( N, R ) / pdf);
-3an = true:

Profiling — getting accurate results

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

However:
Debug builds have very different performance characteristics,
for many reasons. We need to profile in release mode.

Enabling debug information in release mode in Visual Studio:

= Properties >> C/C++ >> General >> Debug information
format

= Properties >> Linker >> Debugging >> Generate Debug
Info

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

0 - o x

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

P ¥ External Dependenc include "game.h”

P *+ game.cpp

4 game.h using namespace Tmplg;

P %+ surface.cpp

P B surface.h Elstruct Particle

bt template.cpp ¢ tors Configurati i Flatf
't & = wvector3 pos; ation: atform:
e b B template.h POSs 9 atform
it vector3 prev_f
e R = | .

Jr
= * diffuse
= true;
f1 4 refr
), N Y;
‘efl * E " diffuss Treat Warnings As Errors
= true; i . S0L ch
Particle drop[C Multi-p
\AXDEPTH)
survive = Survivalpr float zbuffer[Z
estimation
if;
-adiance = Samplel Surface*® zsprite;
>.x + radiance.y +
' = true; . ol Ffloat xleft[SCRHE ' Debug Information Format
it brdfPdf « EvaluateDiffus S - o E o A crarated R Hhe - P 4 e [l
4 G2 Specifies the type of debugging information generated by the compiler. You must also change linker

3t3 factor = diffuse = INVPI settings appropriately to match.  {jZ7, Zd, /2, (ZI)
3t weight = Mis2( directrdf, g L r L0y (2l (2
it cosThetaOut = dot( N, L float angle = 8;
E * ({weight * cosThetaCut di vector3 gravity;
sndom welk - done
sive)

]

3t3 brdf < SampleDiffuse{ diffuse, N
irvive;

paf;

¥ = E * brdf * (dot( N, R ) / pdf);
-3an = true:
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Never Assume

FILE EDIT VIEW  PROJECT

Solution Explorer
i @ o-

Search Solution Explorer ( P =

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

P ¥ External Dependenc
P *+ game.cpp
B game.h
P %+ surface.cpp
b B surface.h
P *+ template.cpp
al > P B template.h
'rY R =
= * diffuse
= true;
fl + refr
), N);
efl * E " diff
= true;
AAXDEPTH)

survive = SurvivalProb
estimation 0

if;

-adiance = Samplel
. x + radiance.y +

¥ = true;

it brdfPdf « EvaluateDiffuse
1t3 factor = diffuse * TNVPIT
it weight = Mis2( directrdf
it cosThetaOut = dot( N, L

E * ({weight * cosThetaCut di
sndom welk - done
sive)

]

3t3 brdf < SampleDiffuse{ diffuse, N
irvive;

paf;

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

BUILD DEBUG  NSIGHT TOOLS  CODE-BUILDER

* 1% template.h surface.h game.h game.cpp

El#include "string.h"
include "stdlib.h™
include “template.h™
include “surface.h”
include "game.h™

H H H H

using namespace Tmpl&;
Elstruct Particle

{

wvector3 pos;
vector3 prev_

Input
Particle drop[DROR Manifest File
Debugging

float zbuffer[ZBU

Surface*® zsprite;

float xleft[SCRHE

float angle = @;
vector3 gravity;

ANALYZE ~ WINDOW  HELP Release ~ Win32

Generate Map File
Map File Name

Map E

Debuggable Assembly

Generate Debug Info
The /DEBUG option creates debugging information for the .

G G

=

- |

Sign in

=




INFOMOV - Lecture 1 - “Introduction” 44

Tools

w tmpl84.00a_2013 - Microsoft Visual Studio (Administrator) L = | x
FILE EoT viEw P Report20150701-1703.diagsession & 3 Ge k Sign in @
Solution Explorer -] . game.cpp m X ¥
4@ o- Performance and < Analysis Target
Search Solution Explorer { J I}lﬂg“ LB Performance Wizard -- Page 1 of 3
fad Solution 'tmpla4.00a_2
4 @l Solution Items Recently Opened Sessions

Performance 1,
4 %] Template

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

s W B _readme.txt
. b ++ game.cpp Created 4 minutes ago
it 4 = B game.h options below,
e b *+ surface.cpp Created 18 minutes ago . ;
r) R = b B surfaceh - What method of profiling would you like to use?
* diffuse DI ) ’ .

ol template.cop CPU sampling (recommended)

: b B template.h . - - .

b+ threads.cop Monitor CPU-bound applications with low overhead
fl + refr [ _
threads.h Instrumentation
o R Measure function call counts and timing
= true;
MNET memory allocation

AXDEPTH) Track rnanagr:-:l memaory allocation
;z"t""j S a0y ivalisdannl ' Resource contention data {concurrency)
stimation go1ng -
i Detect threads waiting for other threads
-adiance = Semplelight )
>.x + radiance.y + radiance
v = true;
L brdfPdf =) EvaluateDiffuse if (drop[i].pos.y > 28) drop[i].pos.y = 19.99f - drop[i].pos.z * @.@001f;
1t3 factor = diffuse * INVPT e e . R ) . . .
t weight = Mis2( directodf fr if (drop[i].pos.x < -28} drop[i].pos.x = -19.99f + drop[i].pos.z * @.8001f;
it cosThetaOut e\do[( N, L) if (drop[i].pos.x » 28) drop[i].pos.x = 19.99f - drop[i].pos.z * @.eeelf;
E * ({weight * cosThetaCut) / dir= if (drop[i].pos.z < -28) drop[i].pos.z = -19.99F + drop[i].pos.z * @.8001f;

e if (drop[i].pos.z » 2@) drop[i].pos.z = 19.99f - drop[i].pos.z * @.e@elf;
INCom walk - done |
rive)

]

3t3 brdf « SampleDiffuse{ diffuse, N
rvive;

paf;

Y = E * brdf * (dot( N, R ) / pdf);
-3an = true:
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Tools

it a=nt
3t Tr =
'r) R = (D

= * diffuse
= true;

f1 + refr)) 83 (der

), N );
‘efl * E " diffuse
= true;

\AXDEPTH)

survive = SurvivalProbabil:
estimation doing it

if;

-adiance = Semplelight( Srand
».x + radiance.y + radiance

v = true;

it brdfPdf =« EvaluateDiffuse

1t3 factor = diffuse * INVPT

it weight = Mis2( directrdf, brdfp
it cosThetaOut = dot( N, L );

E * ({weight * cosThetaCut) / dir

sndom walk - done properl
rive)

3t3 brdf =« SampleDiffuse{ diffuse, N
irvive;

pdf;

¥ = E * brdf * (dot( N, R ) / pdf);
-3an = true:

ﬂ tmpl84.00a_2013 - Microsoft Visual Studio (Administrator) ! [:] - | x

FILE EDIT VIEW PROJECT BULD DEBUG NSIGHT TOOLS CODE-BUILDER  ANALYZE WINDOW  HELP Release ~  Win32 - » G G Sign in @

Solution Explorer « 1 % [ Templatel50701(3).wsp + X Template 15070 1(2).vsp game. cpp -
DN B o- R Current View: Function Details R 4 S % W% M

: .
Search Solution Explorer { S Tmpl8::Game::Simulate |
fa] Solution 'tmpl84.00a_2013'

Template.exe

4 %] Template
> ®5 External Dependenc
B _readme.tt
P *+ game.cpp
3 game.h |
b *+ surface.cop Function Body |
B surface.h |
b *++ template.cpp
P B template.h P S i i
b+ threads.cop Related Views: Caller/Callee  Functions Performance metric:  Inclusive Samples % -
b sl Function Code View
L o e T e o o ]
// simulation step 1 - move
drop[i].pos += drop[i].pos - prev_pos;
/ simulation step 2 - apply gravity
drop[i].pos += gravity * @.25f;
f/ simulation step 3 - 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) * @.82f;
drop[j].pos -= direction * (DROPRADIUS * 2 - dist) * @.82f;
¥
b
. . . // simulation step 3b - sati constraints - evade walls
Vlsual Studlo Profller if (drop[i].pos.y > 28) drop[i].pos.y = 19.99f - drop[i].pos.z * @.8681f;
if (drop[i].pos.x < -20) drop[i].pos.x = -19.99f + drop[i].pos.z * @.@@01f;
if (drop[i].pos.x > 28) drop[i].pos.x = 19.99f - drop[i].pos.z * @.@ealf;
if (drop[i].pos.z < -208) drop[i].pos.z = -19.99f + drop[i].pos.z * @.8601f;
0.1 % if (drop[i].pos.z > 28) drop[i].pos.z = 19.99f - drop[i].pos.z * @.eealf;
¥
] p 100% - 4
Ready Lni Col 1 chi INS
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Tools

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

thWater

riangle

efl : E " diff

UNT; j++
\AXDEPTH )

o3 — dropljl.pes) .Lengthi

survive = SurvivalPro

if; ) .

-adiance = Semplel dropl[i] -pos

».x + radiance.y + radia dropljl.pos -

v = true;

it brdfPdf « EvaluateDiffus -

3t3 factor = diffu INVPT i o li] - . 15 ¢ - droplil .pos
3t weight = Mis2( direc if i + dropli]
3t cosThetaOut = dot( N, L i oplil .pos.: dropli]l .p ] k dropl[i] .po
E * ({weight * cosThetaCut i3 i e [1] - .3 < p [1] -pos + dropli]

Aremlil me

sndom walk - done |
i = -
Hved Source flle: d:'\watel Line 97

3t3 brdf <« SampleDiffuse({ diffuse
irvive;

paf;

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

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

% Caller/Callee | | #% Top-down Tree BB Tasks P

& Analysis Target| | * Analysis Type| | B8 Collection Log | | B Summary | [ R=laszatiis

Grouping: | Function / Call Stack .| [@] [5¢| ] Data Of Interest (CPU Metrics) [~
CPU Timew » B Viewing 4 1o0fd8 b selected stacki(s)
Function / Call Stack Effective Time by Utilization Spin  Owerhead of 4.507s)
— o A _ ~  Time  Time A
Oldle @Poor 0Ok @ Ideal @ Over SystemProceduralFire...on - fireobject.cpp ~
FireObject::checkCollision 4.507s | 0s 0s _
: : : . . —— . SystemProceduralFir.. firechject.cpp:1459
=IFireQbject:ProcessFireCollisionsRange | 3 144 N Oz 0= -
— Gy e 1 e ' ::
: % . FireObject:FireC Callback= | 2.025¢ I Ds Os SystemProceduralFire,. fireobject.cpp1377
. # . FireObject:EmitterCollisionCheck<| 0.419s [} 0s Smoke.exe!Parallel..managertbb.cpp:573
- » giffus + f*-lt"'."‘."aitF-:-r‘:'-.inqIEDhi:ct 0s 3.406s Os Smoke.exe![TBE paral...- parallel_for.h:d12
= true 4.507s Oz -
: 22T Vs Smoke.exeltbbainter...- parallel_for.h:150
fl + refr = = - I
e ) 313s 313s  314s  315s 316s 31Fs UBs  319s 32 |RulerArea
efl * £ * diff e Tew? N
= true; wli Startup | P Frame
_Enn:lthrv.:adv.:-:. (TID: 1043 | (I o | il 4 il Thread v
1AXDEPTH ) — —
_endthreadex (TID: 4392 | W ddddd ddbd o [7] B Runni
survive = SurvivalProt . - = | Running
il ’ _endthreadex (TID: 1102 wF'r "y dlddll 4 i PUTi ’
; = : | duly CPU Tirne
f:(‘iiance = samplelight CBatchFilterk:LHBatch |feeee b == fd _Jd0 9 2 e
:.x + radiance.y + radianc: Uk EF||r| and Owverhead...
¢ = true; L==ls [] % CPU Sample
it brdfPdf « EvaluateDiffus
1t3 factor = diffw..-v ';F‘ Fame Rate H 1 Tasks
it weight = Mis2( directsd
it cosThetaOut = dot( N CPU USBQE'

E * ({weight * cosThetaCut

sndom walk - done | o filters are ied. K Any Process Any Thread IZ| Any Module
sive) o
Call Stack Mode: UiV lal -] |E| Inline Mode: LR T Functions only

Any Utilization

3t3 brdf <« SampleDiffuse({ diffuse
irvive;

paf;

¥ = E * brdf * (dot( N, R ) / pdf
ion =~ true:
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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 £ f Dathe ) ath Careples va Sammnles Salf Samoles e Carmnles £ Plame Carle
o Function (153 functions, 15 shown) # of Paths Path Samples wg. Samples Self Samples Deep Samples f Deep Samples Source File Module
2Ep per Path
Se .
:?p pow ! 54 math. MyApp.
<P i tartup 35 361
Sep 5
- !
aep 5 PP-CPP
5 rker.cpp
i 5 math.h
] i' 7
4 orkercpp
diff m
= true
fl + refr Func Samples | self + Children Func Samples Deep Samples % of Deep 5amples
e zdoWork 4 - _Pow_int<double> L N T
= true;
Paths containing function: pow
WAXDEPTH) 5
. Self nstream
Function Sample Sample
survive = SurvivalProt Samples Samples
if;

“adiance = Semplelight
».x + radiance.y + radia

v = true;

st brdfPdf « EvaluateDiff
yt3 factor = diffuse
3t weight = Mis2( direct?:
it cosThetaOut = dot( N, L
E * ({weight * cosThetaCut

sndom walk

five)

3t3 brdf <« SampleDiffuse({ diffuse
irvive;

paf;

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

Take-away:
i Never assume. Profiling a/lways steers optimization.
S Optimize in release mode. Enable debug info during this
ek b process. Don't forget to turn it off before distribution.

3t Tr =3 - (RD -
'e) Ro= (2 * nnt

= * diffuse;
= true;

fl + refr)) &4 (deoth

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

\AXDEPTH)
survive = SurvivalProbsbilicy |
estimation - doing it propa!

’
-adiance = Semplelight( Srand. =
».x + radiance.y + radiance o)

¢ = true;

3t brdfPdf « EvaluateDiffuse: L. 11

1t3 factor = diffuse * INVPT.

3t weight = Mis2( directedf, brdfpdl

it cosThetaOut = dot( N, L );

E * ({weight * cosThetaCut) / dirsct d'

sndom walk - done properly, closs
sive)

]
3t3 brdf « SampleDiffuse{ diffuse, N, ri, -
irvive;

paf;
¥ = E * brdf * (dot( N, R ) / pdf);
38N = 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
Template

'rY R M ) 2 Template
Template

diff Template

= true

fl & refr

), N );

‘efl * E " diff

= true;

1AXDEPTH )

survive = SurvivalPro
estimatio

if;

-adiance = Semplelight
».x + radiance.y + radia

v = true;

it brdfPdf « EvaluateDiffus
yt3 factor = diffuse * TNVPIT =

't welght = Mis2( directsdf Source file: f:\projects\water\game.cpp
it cosThetaOut = dot( N, L

E * ({weight * cosThetaCut

sndom walk - done |

five)

3t3 brdf <« SampleDiffuse({ diffuse
irvive;

paf;

' = 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%
Game::RenderZSprites 7.18% 7.18%

Game::Tick 0.00% 76.32%

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

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

‘efl * E " dif
= true;

wOEPTH) and 1.68s on this line:

survive = SurvivalProt

e if (dist < (DROPRADIUS * 2))

v = true;

it brdfPdf « EvaluateDiffus
1t3 factor = diffuse * TNVPIT
3t weight = Mis2( direct2df
it cosThetaOut = dot( N, L
E * ({weight * cosThetaCut

fle: f:\projects\water\game.cpp

sndom welk - done |

rive)

3t3 brdf <« SampleDiffuse({ diffuse
irvive;

paf;

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

3t a = nt
3t Tr = 1
'r) R = (O

= * diffuse
= true;

¥l ¢+ refr)) &8 lde

), N );
‘efl * E " diffuss
= true;

\AXDEPTH)

survive = SurvivalProbablill
estimation - doing

it

-adiance = Semplelight( fra
.x + radiance.y + radiance

v = true;
it brdfPdf « EvaluateDiffuse L
3t3 factor = diffuse * INVPT

3t weight = Mis2( directPdf, brdfF

it cosThetaOut = dot( N, L );

E * ({weight * cosThetaCut) / dir=c

sndom walk - done properl
sive)

3t3 brdf =« SampleDiffuse{ diffuse, N

irvive;
paf;

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

-3an = 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

% General Exploration General Exploration viewpoint (change) @

€ Analysis Target Analysis Type | | B8 Collection Log | JEARESUERE | +% Bottom-up | | #% PMU Events | | BB Tasks and Frames | | B¢ game.cpp Be game.cpp

(=) Elapsed Time: 11.571s

Fl

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

fl + refr
), N
soef]l ¥ E % d ) Core Bound:
= true; () Front-End Bound: 0.049
~) CPU Usage Histogram
IAXDEPTH) ¥sa the wall time the

survive = Survivalf

-adiance = Semplelight
».x + radiance.y + radia

v = true;
it brdfPdf « EvaluateDiff
yt3 factor = diffuse * TNVPIT

3t weight = Mis2( direct2df
it cosThetaOut = d N
E * ({weight * cosThetaCut

five)

(

3t3 brdf <« SampleDiffuse({ diffuse
irvive;

paf;

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

Source

v_pos = droplil.p
simulation step 1
st & drop[i] .pos +=

simulation step

r) R 2 roplil] .pos += gra

simalation = 3 E ; constrains
- AxTTL r { int st step steptt |
= trye
gimulation st satisfy constraints other drops

SFY % rots { int j = i + TT; ++
), N ); float dist = lengthl{ droplil -pos
‘efl * E " diff if (dist < (DROPRADIUS *
= true; g1

52

33
1AXDEPTH )

n
5

survive = Survivalf

%
]

u
el

simulation step ] satisfy

[P U S P R
un

-adiance = Semplelight
».x + radiance.y + radia

v = true;

it brdfPdf « EvaluateDiff
yt3 factor = diffuse 3
3t weight = Mis2( direct
it cosThetaOut = dot( N, L
E * ({weight * cosThetaCut

sndom we

five)

3t3 brdf <« SampleDiffuse({ diffuse
irvive;

paf;

¥ = E * brdf * (dot( N, R ) / pdf
ion =~ true:

(dropl[il] .pos.¥ ) dropli] .pos.y = 13
dropl[i] .pos.x = —

constraints

ropli]l .pos.=

+ droplil .pos.=
-

drop[i] .pos.z
+ dropl(i]..pos.z
drop[i] .p - bl

Clockti

001,170
1,042,001,563

2 UL,

*

CPI Rate

Unfilled Pip

ck-End
ound

Fr .
Bo.
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Profiler Output

Take-away:

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

it =
E¥as
), N
¥)

ta o Vendor-specific tools provide a wealth of information, but generally
)M | require knowledge about the hardware processes.

1 refe)) 18 (e Stalls are generally not vendor-

& O e specific and will be similar on

similar hardware.

\AXDEPTH)

survive = SurvivalProbabilic
estimation - doing it

if;

-adiance = Semplelight( frand. ~

Just timing information is often |

x + radlance.y + rediance sufficient to make an educated
v = true; R

t brofPdf « EvaluateDiffuse( L. | guess towards improvements.
yt3 factor = diffuse = TNVPT

it weight = Mis2( directrdf, brdfp

it cosThetaOut = dot( N, L );
E * ({weight * cosThetaCut) / dirsctid!

sndom walk - done properly,
rive)

J

1t3 brdf « SampleDiffuse{ diffuse, N, r!
irvive;

pdf;

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

-38n = true:
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Custom Profiling

fl + refr

), N Y;
efl * E " diffuss
= true;

\AXDEPTH)

survive = SurvivalProbzbl
estimation 40 g

it

-adiance = Semplelight( fra
. x + radiance.y + radiance

v = true;

it brdfPdf « EvaluateDiffuse
yt3 factor = diffuse * INVPT
3t weight = Mis2( directrdf,
it cosThetaOut = dot( N, L )
E * ({weight * cosThetaCut)

sndom welk - done prope
rive)

]
3t3 brdf « SampleDiffuse{ diffuse, N

irvive;
paf;

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

-3an = true:

Generic Profiler Downsides

= No ‘performance over time’ measurements

= Requires inclusion of debug information (including source code)
= Notreal-time

= Not very intuitive

Using a custom in-app profiler we can drastically improve our profiling
information.
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Custom Profiling

|E Template =10l x|

it =t
}SIT =
), N
¥)

3t a4 = nt
- =3 5
ey R =(0 %

= * diffuse;
= true;

fl + refr)) 83 (deot
), N )i

efl * E " diffuss
= true;

\AXDEPTH)

survive = SurvivalProbabilic

;fti.mation doing it » : _' . SmOOthwater
\

-adiance = Semplelight( 2rand .
— renderzsprite

2.x + radiance.y + radiance.:)
drawtriangle

v = true;
3t brdfPdf =« EvaluateDiffuse: L
1t3 factor = diffuse * TNVPT

it weight = Mis2( directpdf, brdfpdl

it cosThetaOut = dot( N, L );

E * ({weight * cosThetaCut) / dirsctid!

sndom welk - done properly, simulate

rive)

/A

]

3t3 brdf « SampleDiffuse{ diffuse, N, rL
irvive;

paf;

¥ = E * brdf * (dot( N, R ) / pdf);
-38n = true:
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Custom Profiling

s 2L 2L

| oy

it =

ISIt
), N
¥)

it a=nt
I Tr =1 5
ey R =(0 %

= * diffuse;
= true;

™ res 11.66%
fl + refr)) 83 (deot - pe teTick 561
-—
—— ,i, ot 7?7 8.23Y

), N); ! S * 3 ganefienderer 8.87Y
efl * E " diffuse =0 o d 1,63

g gameMode 8,827
= true; . - stats BB1Y

L . particl 1%
s GenterChunkSource B.6Y
X I.au»lelﬁ.r:rn:lier"er* 8.8,

survive = SurvivalProbabilic
estimation - doing it
it
-adiance = Semplelight( Srand
. x + radiance.y + radiance.:
v = true;
it brdfPdf « EvaluateDiffuse! L
1t3 factor = diffuse * TNVPT
it weight = Mig2( direct2df, brgleif l . - ~— o
it cos‘rhet&l Aecra 'Ft -. ‘ .|
E * ({weight * cosThetaCut) / dirsctid! -

sndom welk - done properly, ¢
rive)

]

3t3 brdf « SampleDiffuse{ diffuse, N, rL
irvive;

paf;

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

-38n = true:
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Custom Profiling

it = nt
St =
), N
)

3t a = nt
3t Tr = ] F
ey R = (0 *r

= * diffuse;
= true;

fl + refr)) 83 (deot

), N );
‘efl * E " diffuss
= true;

\AXDEPTH)

survive = SurvivalProbabilic
estimation - doing it

it

-adiance = Semplelight( Srand
2.x + radiance.y + radiance.:)

v = true;

't brdfPdf « EvaluateDiffuse: L. |
1t3 factor = diffuse ™ TNVPT,

it weight = Mis2( direc

it cosThetaOut = dot( Nrjh'rr“”i:a l E ngi n e 3

E * ({weight * cosThetaCut) / di

sndom walk - done properly,
sive)

]

1t3 brdf « SampleDiffuse{ diffuse, N, ri
irvive;

paf;

¥ = E * brdf * (dot( N, R ) / pdf);
-38n = true:

& UnrealEngine3

S Uised (Modtled]

100

VS (%)
N N, S
»
pracd . .
i - Zn
& /i
y & A% '
: ~
I ) -
é " =
Fon ¥
2T VT CT VS PS BU 1B RT
DrawPrim Court  ®8 Avg Batch
: P -
2k !‘-:
1 1 o | 4
0 T W e VT S S, WaT Ve WAV TV e VaTau NV TW o PR VR TRV TV
i
— = — ; Frm—— o T
. 0
Driver Time (ms) = GPU kile (ms) Oriver Sleeping (ms)  ® Frame Time (ms) -
+ - w Y 3 - -\s '\ i~

= GS (%)

AGP (WB)
= VD (MB)

Frame Protier
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Custom Profiling

%ﬁ
¥ 74 et )
_?Eﬁt\ﬁ 14

3t a4 = nt ¢ | B
% Tr =3 ~ (R Worker 5 | iRk

'e) R = (0 *

Worker 6 | [

= * diffuse; f
= true; {,
) 35,02 DS
fl + refr)) 83 (deoth BLOOM GEN 0@ 04 m
BOKEH DOF_COMPOSE oe 02 m Torege Y Y g B il 000, ; 5, A g
), N ); COMPOSTTION. 00,04 Ts CRERUETF EoRyERENUeT 5 : S : s esad % 2 , !
efl * E " diffuse; ; CPartManager::Update 00,1 CvaterVolume Render 2): : o7 & & - A
= true; CSYStem_;"U;;dage() 00.16 Gilaatlealil= e
e CharacterManager: : Synchi
‘<‘.,‘>,,, 0007 06,660 R < 6 N i > v e . : 2
AAXDE| ryAsyncHemc, y ; o % ) NE , o, S e ; amr® LR
PTH) DEFERRED_CUBEMAPS_00., e : 5 Ot N ’ 4 ! - i IR ot e
DEFERRED_DECALS 00. 89FMs. q ‘ ¥
survive = SurvivalProbabilic DEFERRED_LIGHTS Q&i‘hﬂg&mv keshad M
;Stm‘im doing it pre DEPTH READBACK 00.20 ms
4 -nmmm

-adiance = Semplelight( Srand
.x + radiance.y + radiance o)

s L J.epar.enulus.tpnh ;

¥ = true; | : ¥ Preparedcclusion Rasteriz(

it brdfPdf « EvaluateDiffuss: L. & 2 preparefcclusion Reprojecl 1): .
1t3 factor = diffuse * TNVPT sl Spreparedcclusion. Reprojec( 16)'
't weight = Mis2( directodf, brdfpdl " “Cpy : PTG
it cosThetaOut = dot( N, L );
E * ({weight * cosThetaCut) / dirzc

sndom walk - done properly, ¢l
sive)

3t3 brdf « SampleDiffuse{ diffuse, N.
irvive;

paf;
¥ = E * brdf * (dot( N, R ) / pdf);
38N = true:
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StarCraft II
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Custom Profiling

b (deptr

= = insids
it =

ys2t = 1.0f
)y B 5

)

ita=nt - nc, |
e Tr =3 ~ (RD »
'e) Ro= (0 * nnt

= * diffuse;
= true;

fl + refr)) 83 (deoth

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

\AXDEPTH)

survive = SurvivalProbsbiloco
estimation - doing it propecl
if;

-adiance = Semplelight( Srand. =
.x + radiance.y + radiance.z) 0

¢ = true;

it brdfPdf « EvaluateDiffusel L. 1

1t3 factor = diffuse = INVPT,

3t weight = Mis2( directedf, brdfFd?

it cosThetaOut = dot( N, L );

E * ({weight * cosThetaCut) / dirsct d'

andom walk - done properly, clos=ly

sive)

]

t3 brdf « SampleDiffuse({ diffuse, N, ri.
irvive;

paf;
¥ = E * brdf * (dot( N, R ) / pdf);
38N = true:
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 Dytes overness (1 ol e ionel “_ok 1‘- '\4 + (SR aliosatonsl
: . J

.-.N:#.?im D o g, s Seiiont

ac.u
: ¥% »iiocatioms)
L4 3]
23 @R '(k"
111 o [ x- vl
H’ﬂa h o
5 m m i nm-ml
2Menerys i boe (1

Lai 1 odesers
176 1 oversens (9188 o1 sonsm tinn)
6—1? ".-.rn s o a
b wiisoe m)

StarCraft

II




INFOMOV - Lecture 1 - “Introduction”

64

Custom Profiling

Take-away:
o In-app profiling provides advantages over external profilers:
L = You get real-time information, which is easily associated with

3t a4 = nt
I Tr = 3 ~ (RB
ey R = (0 * nnt

= * diffuse;
= true;

fl + refr)) 83 (deoth

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

\AXDEPTH)

survive = SurvivalProbasbilic
estimation - doing it prog

it

-adiance = Semplelight( frand. ~
.x + radiance.y + radiance o)

v = true;

't brdfPdf « EvaluateDiffuse: L. 1«

1t3 factor = diffuse * INVPT.

st weight = Mis2( directedf, brdfpdl

it cosThetaOut = dot( N, L );

E * ({weight * cosThetaCut) / dirsct dt

sndom welk - done properly, close

sive)

]

3t3 brdf « SampleDiffuse{ diffuse, N, ri, -
irvive;

paf;
¥ = E * brdf * (dot( N, R ) / pdf);
38N = true:

what is going on in the app;
You can measure statistics that are not available to the profiler;

You can present the data

in a form that is also use-
ful to people not familiar

with the intricacies of the
profiler.
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Considerations

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?
14 retry) 1 * A millisecond is a /ong time
et Ve auruse = Averaged / smoothed values are easier to read
P = Relative performance may be better

survive = SurvivalProbsb!

S The impact of measurements:
-adiance = Semplelight

>.x + radiance.y + radiance

 brofe - Enluntcoi o = Especially relevant for brief snippets of code
3t3 factor = diffuse * INVPT
3t weight = Mis2( directrdf,

t costretaout - co( N, L) = Logging is expensive!

E * ({weight * cosThetaCut)

sndom welk - done
sive)

]

3t3 brdf « SampleDiffuse{ diffuse, N
rvive;

paf;

' = E * brdf * (dot( N, R ) / pdf);
-3an = true:
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Considerations

What if the CPU isn’t the problem?

o A modern system consists of:

) = A multicore CPU; e e e

G == e u A many-COre GPU_ {m} !Sa!!!l!l!l!l!l!l!l!l!l!l!l!l!l!l!l!iil!t!l!ﬂl!l!l!ill!-!lil!iil!l!f!i!l!t!l!l!l!l!l!l!l!l!o!n!ssr!' E

& Tr =3 ~ (RE il uh ﬁ weooWH B g ww WPT = 1 [jE

'e) R= (0 * nnt ||‘i|I = ]
B

= * diffuse;

i Ifone of them is idling,

'|
|

_ il S

1 s retey) 88 gdests your application isn’t :H ==

e e ateruse: running at maximum g; BB

= tme; l 1 o .

performance. il

VAXDEPTH) E

survive f Survivalpngbabll;:- ] i

e Move work, even if the

-adiance = Semplelight( -qurar'.d: 3 ,

.x + radiance.y + radiance o Other processor can t dO

¥ = true; . - L

't brdfPdf = EvaluateDiffussi L | lt as efflClent_

1t3 factor = diffuse * INVPT.

st weight = Mis2( directedf, brdfpdl

it cosThetaOut = dot( N, L );

E * ({weight * cosThetaCut) / dirsct dt

sndom welk - done properly, close
sive)

3t3 brdf « SampleDiffuse{ diffuse, N, ri, -
irvive;

paf;
¥ = E * brdf * (dot( N, R ) / pdf);
38N = true:
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Considerations

fl + refr

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

\AXDEPTH)

survive = SurvivalProbsabi
estimation 0o E

if;

-adiance = Semplelight

. x + radiance.y + radiance

¥ = true;

it brdfPdf « EvaluateDiffuse
3t3 factor = diffuse ® INVPT
3t weight = Mis2( directrdf,
it cosThetaOut = dot( N, L
E * ({weight * cosThetaCut)

sndom walk - done
sive)

]
3t3 brdf « SampleDiffuse{ diffuse, N

rvive;
paf;

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

-3an = true:

Consistent Approach

—(0) Determine optimization requirements

1. Profile: determine hotspots

2. Analyze hotspots: determine scalability

— 3. Apply high level optimizations to hotspots

Profile again.

5 Paralielize / VeCctorize / use GPGPU

Profile again.

— 7. Apply tow tevet optimizations to hotspots

8. Repeat steps 6 and 7 until time runs out
9. Report.
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And Finally:

fl + refr

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

\AXDEPTH)

survive = SurvivalProbsbl
estimation g0 of

if;

-adiance = Samplelight

. x + radiance.y + radiance

v = true;

it brdfPdf « EvaluateDiffuse
3t3 factor = diffuse ® INVPT
3t weight = Mis2( directrdf,
it cosThetaOut = dot( N, L
E * ({weight * cosThetaCut)

sndom walk - done prope
sive)

]
3t3 brdf « SampleDiffuse{ diffuse, N

rvive;
paf;

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

-3an = true:

Profiling:

Without it, no optimization - we need to know
How to profile: tools, custom timers, CPU + GPU

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

Keep in mind: profiling takes time too.

Repeated profiling: things change, if you're doing it right. Stay informed.




3t a =
T
[E) R =

= * diffuse

= true;

fl + refr

\
), N );:

‘efl * E " diff
= true;

1AXDEPTH )

survive = SurvivalProbs
estimation g0l

if;

-adiance = Semplelight

. x + radiance.y + radiance

¥ = true;

it brdfPdf « EvaluateDiffuse
3t3 factor = diffuse ® INVPT
3t weight = Mis2( directrdf,
it cosThetaOut = dot( N, L

E * ({weight * cosThetaCut dirs
sndom welk - done
rive)

.
1t3 brdf « SampleDiffuse{ diffuse
rvive;

paf;

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

-3an = true:

/INFOMOV/

END of “Introduction”

next lecture: “Low Level”




