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Self-modifying
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Fast Polygons on Limited Hardware

Typical span rendering code:

for( int i = 0; i < len; i++ )
{

*a++ = texture[u,v];

u += du;

V += dv;

How do we make this faster?
Every cycle counts...

Al —
= lLoopunrsiiing

= Two pixels at a time

.
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Fast Polygons on Limited Hardware

How about...

switch (len)

{

case
case
case
case
case
case
case
case

RN WP UG N

*a++
*a++
*a++
*a++
*a++
*a++
*a++
*a++

tex[u,v];
tex[u,v];
tex[u,v];
tex[u,v];
tex[u,v];
tex[u,v];
tex[u,v];
tex[u,v];

u+=du;
u+=du;
u+=du;
u+=du;
u+=du;
u+=du;
u+=du;
u+=du;

v+=dv;
v+=dv;
v+=dv;
v+=dv;
v+=dv;
v+=dv;
v+=dv;
v+=dv;
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Self-modifying

Fast Polygons on Limited Hardware

What if a massive unroll isn’t an option, but we have only 4 registers?

o for( int i = @; i < len; i++ )

R *a++ = texture[u,v];

E="tdif*.Fuse. u += du, V += dV;

;fl + refr)) &2& (d }

), N ); . .

e Registers: { i, a, u, v, du, dv, len }.
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Self-modifying

Self-modifying Code

Good reasons for not writing SMC: o N

‘ the CPU pipeline (mind every potential (future) target) ; :\ 7 |
o L1 instruction cache (handles reads only) o, C ® P
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Self-modifying

Hardware Evolution*

Experiment:
= take 100 FPGA’s, load them with random ‘programs’, max 100 logic gates
to - = test each chip’s ability to differentiate between two audio tones
b = use the best candidates to produce the next generation.
1+ rere)) 52 Outcome (generation 4000): one chip capable of the intended task.
s iffuse
Tl Observations:
AAXDEPTH)
,f i 1. The chip used only 37 logic gates, of which 5 disconnected from the rest.
o el S 2. The 5 disconnected gates where vital to the function of the chip.
+ brdieat = Evalustevifuce 3. The program could not be transferred to another chip.
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Compiler Flags*
Experiment:

“..we propose a genetic algorithm to determine the combination of
flags, that could be used, to generate efficient executable in terms
of time. The input population to the genetic algorithm is the set of
compiler flags that can be used to compile a program and the best
chromosome corresponding to the best combination of flags is
derived over generations, based on the time taken to compile and
execute, as the fitness function.”

*: Compiler Optimization: A Genetic Algorithm Approach, P. A. Ballal et al., 2015.
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Self-modifying

Compiler Flags*
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Multi-threading

A Brief History of Many Cores
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Multi-threading

A Brief History of Many Cores
Once upon a time...

s Then, in 2005: Intel’s Core 2 Duo (April 22).
o (Also 2005 AMD Athlon 64 X2. April 21.) AMDI

el 2007 Intel Core 2 Quad E a I Z - N

L. 2010: AMD Phenom Il X6 THREAORIPPER

\AXDEPTH)

e . 2017: Threadripper 1950X (16 cores, 32 threads)
o 2018: Threadripper 2950X

e "i';f';ZmiEZ"! 2019: Epyc 7742, 64 cores, 128 threads ($6,950)
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Multi-threading

Threads / Scalability

Performance scaling in HWBOT Prime (java) Dl Timed Apache Cnmpilation v2.2.17 pESL

..
16000 Time To Compile
HWBOT
14000
it a ter PHORONDL. COM
at T
‘ 12000
r) R . . N
Time(seconds)
* diffi 2 ...
10000
= true; 8
=
£ 8000
fl + ref £
8
% N Y3 z 6000
efl % E
= true; 2000
AAXDEPTH 2000
survive
AT = [PEE 3 4 5 6
jfé, [mintel | 2413,98 | 4572,74 7390,48 8397,86
“adlance I . —t
e [mAMD| 1584,86 | 3186,82 | 2727,04 | 5380,83 | 3143,28 | 5875,59 : & Cores 12 Cores
Powered By Phoronix Test Suite 3.0.0a4
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Multi-threading Coes Sy

Factor

seguiential iy O(N) parallelizable sequiential

Optimizing for Multiple Cores

segiiertial

What we did before:

; ] ol . \
seqiiertial Core sequential

1. Profile.

ey 2. Understand the hardware.

) R =
= * diffuse
= true; 3. Trust NO One-
e vere) - 2.0 sequeritial sequietitial
), N );
-efl * E * diffuse
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Goal:
AAXDEPTH)

survive = SurvivalPr

if stimation ' ] vixr vari+lh + g Y SR

Trear Ly Wil uu, numoct O1 COrcs.

| —

t's fast enough when i

r-r
w
()
(5]
o —
D
wtn
P

-adiance = Samplelight

2.x + radiance.y + radiance . , . .
= |t's fast enough when the parallelizable code scales linearly with the number of cores.
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T el e = [t’s fast enough if there is no sequential code.

E * ((weight * cosThetaOut

andom walk - done proper
rive)

3t3 brdf = SampleDiffuse( diffuse, N
irvive;

pdf;

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




INFOMOV - Lecture 13 - “Snippets” 16

Multi-threading

Hardware Review

We have:

- = insid

L = Four physical cores
S e e = Each running two threads

it Te =1 - (RO

) R = (0 * ot = L1 cache: 32Kb, 4 cycles latency

= * diffuse;

= L2 cache: 256Kb, 10 cycles latency

A1+ refr)) 88 (deprs = Alarge shared L3 cache.

), N )

efl * E * diffuse;

= true;

S Observation:

survive = SurvivalProbability

estimation - doing it p

if; .

o e If our code solely requires data from L1 and L2,

i this processor should do work split over four

at3 factor = diffuse * INVPI: .

 veigh - his2 direcedr, e threads exactly four times faster. = Work must stay on core
E * ((weight *-cosThet;Out)J/ directpdf ™1 NO I/O, Sleep

andom walk - done properly, close

i ~ (Isthat true? Any conditions?)

3t3 brdf = SampleDiffuse( diffuse, N, r1, 2
rvive;
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1 = E * brdf * (dot( N, R ) / pdf);
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Multi-threading

Simultaneous Multi-Threading (SMT)

(Also known as hyperthreading)

1T

) Pipelines grow wider and deeper:

ARG = Wider: to execute multiple instructions in parallel
= * diffuse; . .

- true; in a single cycle.

1+ refe)) 88 (e = Deeper: to reduce the complexity of each pipeline
e e+ ateruse stage, which allows for a higher frequency.

= true;

\AXDEPTH)

survive = SurvivalProbabilit
estimation - doing it

if;

~adiance = SampleLight( &rand
2.x + radiance.y + radiance.z
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-ion = true:*




INFOMOV - Lecture 13 - “Snippets” 18

Multi-threading

fldz

Xor ecx, ecx

f1ld dword ptr [4520h]
mov edx, 28929227h
f1ld dword ptr [452Ch]

Superscalar Pipeline

push esi
- mov esi, ©C350h
i add ecx, edx
A mov eax, 91D2A96%h
t 2 = nt xor edx, 17737352h
S shr ecx, 1
- diftuse; mul eax, edx

f1d st(1)
faddp st(3), st

f1 + refr)) && (dept

e e mov eax, 91D2A969h
i shr edx, OEh
1AXDEPTH) add ecx, edx

fmul st(1),st
xor edx, 17737352h
shr ecx, 1

survive = SurvivalProbabilit
estimation - doing it

if;

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

v = true;
it brdfPdf = EvaluateDiffuse( L

mul eax, edx
t3 factor = diffuse * INVPI; shr edx OEh
it weight = Mis2( directPdf, brdfrds )
t cosThetaOut = d Y i
,E :oz(w:i;htt“ cog:’ée:aott; / directr } dec esl
jne tobetimed+1Fh
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rive)

at3 brdf = SampleDiffuse( diffuse, N, ri
irvive;
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Multi-threading

Superscalar Pipeline
Nehalem (i7): sixwide.

= Three memory operations
. = Three calculations (float, int, vector)

at Tr = 1
'r) R = (D

= * diffuse

= true;

2l + refr)) &2
), N )

efl * E * diffuse
= true;

{AXDEPTH)

. execution unit 1 MEM
survive = SurvivalProbabil R .

estimation - doi execution unit 2 MEM
i execution unit 3 MEM

“adiance = SampleLight( &ra

.x + radiance.y + radiance caxyacution unit 4 CALC

v = true; execution unit 5 CALC
at brdfPdf = EvaluateDiffuse( L I -

£3 factor = diffuse * ez €XecuUtion unit 6 CALC
at weight = Mis2( directPdf, brdfr

it cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / dire }
andom walk - done properl t
rive)

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

pdf;
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fldz

XOor ecx, ecx

f1ld dword ptr [4520h]
mov edx, 28929227h
f1ld dword ptr [452Ch]
push esi

mov esi, [0@C350h]
add ecx, edx

mov eax, [91D2h]
xor edx, 17737352h
shr ecx, 1

mul eax, edx

f1d st(1)

faddp st(3), st
mov eax, 91D2A969h
shr edx, OEh

add ecx, edx

fmul st(1),st

xor edx, 17737352h
shr ecx, 1

mul eax, edx

shr edx, OEh

dec esi

jne tobetimed+1Fh
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Multi-threading

1t
), N

)

at a = nt

at Tr = 1
'r) R = (D

= * diffuse;
= true;

fl + refr)) && (dey

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

\AXDEPTH)

survive = SurvivalProbabilit
estimation - doing it

if;

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

v = true;

it brdfPdf = EvaluateDiffuse( L

at3 factor = diffuse * INVPI;

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

E * ((weight * cosThetaOut) / direct

andom walk - done properly, cl
rive)

at3 brdf = SampleDiffuse( diffuse, N, ri

irvive;

pdf;
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Simultaneous Multi-Threading (SMT)

(Also known as hyperthreading)

Pipelines grow wider and deeper:

= Wider, to execute multiple instructions in parallel
in a single cycle.

= Deeper, to reduce the complexity of each pipeline

stage, which allows for a higher frequency.

However, parallel instructions must be independent,
otherwise we get bubbles.

Observation: two threads provide twice as many
independent instructions.

(Is that true? Any conditions?)

No dependencies between the threads
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Multi-threading

Simultaneous Multi-Threading (SMT)
Nehalem (i7) pipeline: sixwide*.

= Three memory operations

;: ‘- = Three calculations (float, int, vector)
e SMT: feeding the pipe from two threads.
A Ve asruse All it really takes is an extra set of registers.

= true;

{AXDEPTH)

- execution unit 1 MEM
survive = SurvivalProbabi . .

estimation < doi execution unit 2 MEM
= __execution unit 3 MEM

-adiance = Samplelight

.x + radiance.y + radiance caxyacution unit 4 CALC

¢ = true; execution unit 5 CALC
at brdfPdf = EvaluateDiffuse( L i a
£3 factor - diffuse = Tuver.€Xecution unit 6 CALC

at weight = Mis2( directPdf, brdfr
it cosThetaOut = dot( N, L );
E * ((weight * cosThetaOut) / dir }

andom walk - done properl t
rive)

3 brdf = samplediffuse( diffuse, .~ *. Deatails: The Architecture of the Nehalem Processor and Nehalem-EP SMP Platforms, Thomadakis, 2011.

irvive;

pdf;

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

XOor ecx, ecx

f1ld dword ptr [4520h]
mov edx, 28929227h
f1ld dword ptr [452Ch]
push esi

mov esi, 0OC350h
add ecx, edx

mov eax, [91D2h]
xor edx, 17737352h
shr ecx, 1

mul eax, edx

f1d st(1)

faddp st(3), st
mov eax, 91D2A969h
shr edx, OEh

add ecx, edx

fmul st(1),st

xor edx, 17737352h
shr ecx, 1

mul eax, edx

shr edx, OEh

dec esi

jne tobetimed+1Fh

f1d st(1)
faddp st(3), st

mov eax, 91D2A969h
shr edx, OEh

add ecx, edx

fmul st(1),st

xor edx, 17737352h
shr ecx, 1

mul eax, edx

shr edx, OEh

dec esi

fldz

XOor ecx, ecx

f1ld dword ptr [4520h]
mov edx, 28929227h
f1d dword ptr [452Ch]
push esi

mov esi, 0C350h

add ecx, edx

mov eax, [91D2h]

xor edx, 17737352h
shr ecx, 1
mul eax, edx
jne tobetimed
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Multi-threading

Simultaneous Multi-Threading (SMT)

Hyperthreading does mean that now ¢wo threads are
using the same L1 and L2 cache.

1t

), N

)

at a = nt

at Tr = 1
r) R = (D

= * diffuse;
= true;

fl + refr)) 22 (d
), N )

efl * E * diffuse
= true;

\AXDEPTH)

For the average case, this will reduce data locality.
oo LA If both threads use the same data, data locality remains the same.
nce One thread can also be used to fetch data that the other thread will need *.

2.x + radiance.y + radiance.:

survive = SurvivalProbabil

v = true;

it brdfPdf = EvaluateDiffuse( L

at3 factor = diffuse * INVPI;

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

E * ((weight * cosThetaOut) / direc

e *: Tolerating Memory Latency through Software-Controlled Pre-Execution in
/ive) Simultaneous Multithreading Processors, Luk, 2001.

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

pdf;

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

-ion = true:*
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Multi-threading

Multiple Processors: NUMA

Two physical processors on a single
mainboard:

1t = nt
352t = 1
X, N )5

)

o T = Each CPU has its own memory

it Tr = 1 - (RE

D R=(@ " m = Each CPU can access the memory
= * diffuse;

of the other CPU.

1+ refr)) 88 (dept

A te o+ asruse; The penalty for accessing ‘foreign’
T memory is ~50%.

\AXDEPTH)

survive = SurvivalProbabilit
estimation - doing it

if;

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

v = true;

at brdfPdf = EvaluateDiffuse( L. I

at3 factor = diffuse * INVPI:

at weight = Mis2( directPdf, brdfpds

at cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / directPds

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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Multi-threading

1t
352t =
), N
)

at a = nt
at Tr = 1
'r) R = (D

* diffuse:
= true;

f1 + 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

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:*

Multiple Processors: NUMA

Do we care?

= Most boards host 1 CPU.

= A quadcore still talks to memory
via a single interface.

However:

Threadripper is a NUMA device.

Threadripper = 2x Zeppelin, with for each Zeppelin:

= 1,1, L2, L3 cache
= Alink to memory

This CPU behaves as two CPUs in a single socket.

AELMDL

~_YZe=N

THReADRIPPER
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Multi-threading

Multiple Processors: NUMA

Threadripper & Windows: | R Y Z — N

THReAJARIPPER

AﬂLMDL

) = Threadripper hides NUMA from the OS

-y = Most software is not NUMA-aware.

it Tr = 1
'r) R = (D

* diffuse;
= true;

=l + 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

e ‘ Details: https://www.extremetech.com/computing/283114-new-utility-can-double-amd-threadripper-2990wx-performance
indom wa - one p"CpE’A.‘, , ClO
jive) https://blog.michael.kuron-germany.de/2018/09/amd-ryzen-threadripper-numa-architecture-cpu-affinity-and-htcondor

at3 brdf = SampleDiffuse( diffuse, N, ri
irvive;

pdf;

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

-ion = true:*



https://www.extremetech.com/computing/283114-new-utility-can-double-amd-threadripper-2990wx-performance
https://blog.michael.kuron-germany.de/2018/09/amd-ryzen-threadripper-numa-architecture-cpu-affinity-and-htcondor/

Today’'s Agenda:

- = Self-modifying code

IR =  Multi-threading (1)

= * diffuse;
= true;

» =  Multi-threading (2)

of1 + refr)) &2

), N );

e =E - aitruse = Experiments

= true;

AAXDEPTH)

survive = SurvivalProbabil
estimation - doing

if;

~adiance = SampleLight( &ra
2.x + radiance.y + radiance.:

v = true;

st brdfPdf = EvaluateDiffuse

at3 factor = diffuse * INVPI;

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

E * ((weight * cosThetaOut) / dire

andom walk - done pro
rive)

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

pdf;

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

-ion = true:*
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Trust No One

Windows

DWORD WINAPI myThread(LPVOID lpParameter)

. {

5 unsigned int& myCounter = *((unsigned int*)lpParameter);
o while(myCounter < OXFFFFFFFF) ++myCounter;

ot return 0;

S }

= * diffuse;

e int main(int argc, char* argv[])

1 + refr)) 8& (d: {

AL using namespace std;

= true; unsigned int myCounter = 0;

T DWORD myThreadID;

s HANDLE myHandle = CreateThread(©, ©, myThread, &myCounter;, 0, &myThreadlID;);
" char myChar = ' ';

o i while(myChar != 'q") {

e cout << myCounter << endl;

LGy myChar = getchar();

o o }

E * ((weight * cosThetaOut) / direc

e ‘ CloseHandle(myHandle);
indom wa ~ one properiy |
sive) return 0;

at3 brdf = SampleDiffuse( diffuse, N, ri }
irvive;

pdf;

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

-ion = true:*
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Trust No One

1t
352t =
), N
)

at a = nt
at 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:*

Boost

#include <boost/thread.hpp>
#include <boost/chrono.hpp>
#include <iostream>

void wait(int seconds)

{

}

void thread()
{

boost::this thread::sleep for(boost::chrono::seconds{seconds});

for (int i = @; 1 < 5; ++i)
{

wait(1);

std::cout << i << '\n';

int main()

boost: :thread t{thread};
t.join();
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Trust No One

OpenMP

#pragma omp parallel for
for( int n = 0; n < 10; ++n ) printf( " %d", n );

- printf( ".\n" );
at a = nt -Float a[8]J b[8].;
o #pragma omp simd
- dafuse; for( int n = @; n < 8; ++n) a[n] += b[n];
;fl + refr)) &% (dept Str‘uct nOde { nOde *le-Ft, *r‘ight; }_;
LI extern void process(node* );
= true; void postorder_traverse(node* p)
{
\AXDEPTH)

if (p->left)

survive = SurvivalProbabilit

E T e #pragma omp task
e s postorder_traverse(p->left);
o e if (p->right)

it brdfPdf = EvaluateDiffuse( L

t3 factor = diffuse * IWPT; #pr‘agma (0]{(]0) task
%;§E££€§£§E;§}%;¥;, postorder_traverse(p->right);
ndom walk - done properly, clo #pr\agma Uil taskwait

ive) process(p);

:t3 brdf = SampleDiffuse( diffuse, N, r1 }

1 = E * brdf * (dot( N, R ) / pdf);
-ion = true:*
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Trust No One

1t = nt
352t =
), N )
)

at ‘a = nt
it Tr =1 - (F
'r) R = (D

= * 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;

st brdfPdf = EvaluateDiffuse( L. |
at3 factor = diffuse * INVPI:

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

E * ((weight * cosThetaOut) / directF

andom walk - done properly, clos
rive)

3t3 brdf = SampleDiffuse( diffuse, N, ri

irvive;

pdf;

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

Intel TBB

#include "tbb/task_group.h"

using namespace tbb;

int Fib( int n )

{

if (n<2)

{

}

else

{

return n;

int x, vy;

task_group g;

g.run( [&]{x=Fib( n - 1 );
g.run( [&]{y=Fib( n - 2 );
g.wait();

return x + vy,

} )
})

J

// spawn a task
// spawn another task
// wait for both tasks to complete
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Trust No One

Considerations

When using external tools to manage your threads, ask yourself:

= Whatis the overhead of creating / destroying a thread?

e o - o = Dol even know when threads are created?
= Do I know on which cores threads execute?

'r) R = (D
= * diffuse;

= true;

14 rere)) aa (o What if... we handled everything ourselves?

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

\AXDEPTH)

survive = SurvivalProbabil
estimation - doing it

if;

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

v = true;

it brdfPdf = EvaluateDiffuse( L

at3 factor = diffuse * INVPI;

it weight = Mis2( directPdf, brdfr
3t cosThetaOut = dot( N, L ):

E * ((weight * cosThetaOut) / direc

andom walk - done properly
rive)

at3 brdf = SampleDiffuse( diffuse, N, ri
irvive;

pdf;

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

-ion = true:*




INFOMOV - Lecture 13 - “Snippets” 33

Trust No One

worker thread 0 | I |
worker thread 1 1l I I

L (dep

< worker thread 2

352t = 1.67
), N );
)

worker thread 3

at a = nt - nc
it Tr =1 - (RO
r) R = (D * nn

e worker thread 4

= o cworker thread 5

), N )

efl * E * diffuse;
e worker thread 6

;g;:i;:t;:“f"iz ‘Worker thread 7

~adiance = SampleLight( &rand, 1
2.x + radiance.y + radiance.z)

v = true;

it brdfPdf = EvaluateDiffuse( L. I tasks:

at3 factor = diffuse * INVPI:

= Worker threads never die
. *:faz;ggt"d";ﬁuo‘”g‘/’:” = Worker threads are pinned to a core
Tasks are claimed by worker threads
= Execution of a task may depend on completion of other tasks
Tasks can produce new tasks

andom walk - done properly, closely ¥
rive)

]

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

pdf;

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

-ion = true:*
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Trust No One

worker thread 0

Fibers:

worker thread 1

. (de

= Light-weight threads, with a complete state:

worker thread 2

352t = 1.67

registers (incl. program counter), stack

), N );

= Available in Windows, PS4, ...

)

worker thread 3

at a = nt - nc

= Allows the task system to suspend a job, e.g. to wait

at Tr = 1 - (RO
r) R = (D nn

for scheduled sub-tasks

_& worker thread 4

e oworker thread 5

Sub-tasks:

), N );
efl * E * diffuse;

» Decrement a counter when done

L worker thread 6
;g;:i;:t;:“f"iz ‘Worker thread 7

= When counter reaches zero, linked task is resumed.

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

v = true;

it brdfPdf = EvaluateDiffuse( L. I tasks:

at3 factor = diffuse * INVPI:

it weight = Mis2( directPdf, brdfPdf

it cosThetaOut = dot( N, L ):

E * ((weight * cosThetaOut) / directPds

andom walk - done properly, close
rive)

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

pdf;

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

-ion = true:*

= Worker threads never die

= Worker threads are pinned to a core

Tasks are claimed by worker threads

Execution of a task may depend on completion of other tasks
Tasks can produce new tasks




35

Fibers:

= “Cooperative multithreading”, no preemption

Fibers on Windows:

https://docs.microsoft.com/
en-us/windows/win32/procthread/fibers

ConvertThreadToFiber
CreateFiber
SwitchToFiber

Cross-platform fibers:

https://github.com/JarkkoPFC/fiber



https://docs.microsoft.com/en-us/windows/win32/procthread/fibers
https://github.com/JarkkoPFC/fiber
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Rules of Engagement

Multithreading & Performance

= SMT / Hyperthreading: sharing L1 & L2 cache

7 = Problems similar to simply having more threads
r = However, without the extra threads we don’t benefit from SMT
A = Mitigate: have the threads work on the same data
o R (0
e = Multiple cores
1+ refey) a8 = Threads may travel from one core to the next (mind the caches)
S = Must share bandwidth

A = Mind false sharing
AXDEPTH)
e g i o = NUMA
giii"::,,;a:";:‘j*?ﬁ:;a,;;f; : » Thread assignment now depends on what memory is used
o = No longer a theoretical issue
at3 factor = diffuse * INVPI;
 weight = Mis2( directndf, brfr
E it caeron e » [.ibraries
e T = Generally favor ease of use over performance
::313:1\‘ = SampleDiffuse( diffuse, N, r

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




Today’'s Agenda:

- = Self-modifying code

IR =  Multi-threading (1)

= * diffuse;
= true;

» =  Multi-threading (2)

of1 + refr)) &2

), N );

e =E - aitruse = Experiments

= true;

AAXDEPTH)

survive = SurvivalProbabil
estimation - doing

if;

~adiance = SampleLight( &ra
2.x + radiance.y + radiance.:

v = true;

st brdfPdf = EvaluateDiffuse

at3 factor = diffuse * INVPI;

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

E * ((weight * cosThetaOut) / dire

andom walk - done pro
rive)

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

pdf;

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

-ion = true:*
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Experiments

Trust No One

How fast does OpenMP make an ‘embarrassingly
parallel’ application?

1t

%3

)

R - (0

= * diffuse;

T void Game::Tick( float deltaTime )

;fl + refr)) 88 (dept {

i // draw one line of pixels

T static int xtiles = SCRWIDTH / TILESIZE, ytiles = SCRHEIGHT / TILESIZE;
o static int tileCount = xtiles * ytiles;

= = SucviuaTorobabiii for( int 1 = @; i < tileCount; i++ )

“e:jtimation - doing it {

e int tx = 1 % xtiles;

e int ty = 1 / xtiles;

LRI e drawtile( screen, tx * TILESIZE, ty * TILESIZE );
o e S M L 3 }

E * ((weight * cosThetaOut) / directF

andom walk - done properly, clc
rive)

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

pdf;

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

-ion = true:*
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Experiments

Trust No One TRUST NO ONE

How fast does OpenMP make an ‘embarrassingly
parallel’ application?

1t
), N
2)

.y Can we do better?

at Tr = 1
r) R = (D

= * diffuse;
= true;

void Game::Tick( float deltaTime )

;fl + refr)) && (d {

e // draw one line of pixels

ST static int xtiles = SCRWIDTH / TILESIZE, ytiles = SCRHEIGHT / TILESIZE;
o static int tileCount = xtiles * ytiles;

survive = SurvivalProbabil -For\( int i = @; i < tilecount; i++ )

’:?Timaticn = :.:;‘; - {

e int tx = 1 % xtiles;

v = true; int ty = i / XtileS;

it brdfPdf = EvaluateDiffuse( L .

1t3 factor = diffuse * INVPI; dr‘athle( screen, tx * TILESIZE, ty * TILESIZE );
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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Experiments

Worker Threads TR UST N O O N E

A static DWORD threadId[ THREADCOUNT];
e T -1 static int params[THREADCOUNT];

) R = (D

-+ Girrase; static HANDLE worker[ THREADCOUNT];
s // spawn worker threads

for( int i = @; i < 4; i++ )
%fgr:‘;lli * diffuse {
' params[i] = i;
I worker[i] = CreateThread( NULL, @, workerthread, &params[i], O, &threadId[i] );
ﬁxﬁ;?ﬁfT*ML }

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

v = true;

it brdfPdf = EvaluateDiffuse( L

at3 factor = diffuse * INVPI;

it weight = Mis2( directPdf, brdfr
3t cosThetaOut = dot( N, L ):

E * ((weight * cosThetaOut) / direc

andom walk - done properly, cl
rive)

at3 brdf = SampleDiffuse( diffuse, N, ri
irvive;

pdf;

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

-ion = true:*
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Experiments

HANDLE goSignal[4], doneSignal[4];

Worker Thread
R volatile LONG remaining = 0; TRUST NO ONE

unsigned long  stdcall workerthread( LPVOID param )

. {

?ﬁ int threadld = *(int*)param;

ol while (1)

R {

e WaitForSingleObject( goSignal[threadId], INFINITE );

. while (remaining > ©)

;;Tﬁw“ /

fﬁ;’“m* int task = (int)InterlockedDecrement( &remaining ) - 1;
o if (task >= 0)

(i int tx = task % xtiles, ty = task / xtiles;

T radioncey ¢ radionc drawtile( theScreen, tx * TILESIZE, ty * TILESIZE );
at—blt-dfP:if = EvalusteDiffuse( L }

e }

& g+ cosmtas) i SetEvent( doneSignal[threadld] );

ey }

=

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

-ion = tru
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Experiments

), N
)
at a = nt

at Tr = 1
'r) R = (D

* diffuse;
= true;

fl + refr)) &2& (d=

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

\AXDEPTH)

survive = SurvivalProbabilit
estimation - doing it

if;

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

v = true;

it brdfPdf = EvaluateDiffuse( L
at3 factor = diffuse * INVPI;

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

E * ((weight * cosThetaOut) / direct

andom walk - done properly, cl
rive)

at3 brdf = SampleDiffuse( diffuse, N, ri

irvive;

pdf;

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

Worker Threads TR UST N O O N E

remaining = tileCount;
for( int i = 0; 1 < 4; i++ ) SetEvent( goSignal[i] );
WaitForMultipleObjects( THREADCOUNT, doneSignal, true, INFINITE );
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at3 factor = diffuse * INVPI;
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pdf;
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END of “Snippets”

next lecture: “Exam Practice”

v = True;

it brdfPdf = EvaluateDi

at3 factor = diffuse II.‘v::‘I -

it weight = Mis2( directPdf, br¢

st cosThetaOut = dot( N, L );

E * ((weight * cosThetaOut) / directPd™

andom walk - done properly, clase!
rive)

at3 brdf = SampleDiffuse( diffuse, N, r1, -
irvive;

pdf;

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