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Simultaneous Multi-Threading (SMT)
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Simultaneous Multi-Threading (SMT)
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Multiple Processors: NUMA

Two physical processors on a single
mainboard:

= Each CPU has its own memory
= Each CPU can access the memory
of the other CPU.

The penalty for accessing ‘foreign’
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Multiple Processors: NUMA
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Multiple Processors: NUMA

Threadripper & Windows:
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) * Threadripper hides NUMA from the OS

Most software is not NUMA-aware.
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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 }
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" char myChar = ' ';

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

e cout << myCounter << endl;
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o o }
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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 = 0; 1 < 5; ++i)
{

wait(1);

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

int main()

boost: :thread t{thread};
t.join();
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OpenMP

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

- printf( ".\n" );
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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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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
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2.x + radiance.y + radiance.z
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at3 factor = diffuse * INVPI;
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E * ((weight * cosThetaOut) / direc

andom walk - done properly
rive)
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pdf;
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worker thread 0 | I |
worker thread 1 1l I I

L (dept

< worker thread 2

352t = 1.67
), N )
)

worker thread 3

at‘a = nt - nc, |
it Tr =1 - (RO
'r) R = (D * nnt

_ 4o worker thread 4

= o cworker thread 5

), N )

efl* E * diffuse;
wou, | Worker thread 6

;g;:i;:;o:“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
. *:‘fE::g:':‘t"d":ﬁfo‘”g‘/’:” » 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)

3

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

pdf;

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

-i0on = true:
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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:
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pdf;

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

-ion = true:*

s Naughty Dog’s “The Last of Us”:

e —

: : = Tasks are executed as fibers

womesss " Afiber stores a stack and a set of registers

= Tasks can be interrupted by storing the fiber in a waiting list
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What does this mean for the jobs themselves?

= “Cooperative multithreading”, no preemption
= Must be independent!
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Experiments
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dire

Experiments

1. False sharing

. Setups:
= 8 threads update a single counter
= 8 threads update counters in a single cache line
n 8 threads update counters in different cache lines

2. Locking to cores

= Four rotating hedgehogs, core-locked and not core-locked
3. Calculating the Mandelbrot using worker threads
4. Hyperthreading

. Setup:
o 4 threads calculate the special Mandelbrot
o 8 threads calculate the special Mandelbrot
o Now with worker threads
= Switch out Mandelbrot for blur, to test bandwidth-intensive app
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