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CPU speed - TlopeABov

o ExBeTikr) alénon Tns UTTOAOYIOTIKNS UOYXUOS TOV €TTEEEPYATTV.
o Moore's law

o Ayvas dpduou Twy MHz



CPU speed - Tlopov
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TTapoAANANOUOS

Vectorization (SIMD instructions)
SMP (Symmetric Multi-Processing)

e Multiple processors
e Multiple processor cores

Heterogenous computing

e special processors (m.x. CELL SPEs)
o Graphics processors (GPU)

o Distributed computing
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ray tracer

for(int i=0; i<frame->ysz; i++) {

Color *pixel = frame->pixels + i * frame->xsz;
for(int j=0; j<frame->xsz; j++) {
Ray ray = camera->get_primary_ray(j, 1i);
*pixel++ = trace_ray(scn, ray);
}

e trace_ray: Bpiokelr moU “yTumdel” pio akTiva, Kol KaAel Tnv
shade yia va umoloyioel xpoua o autd To onueio, To omoio

ETIIOTPEQPEL.

o shade: Kavel utroAoyiopous gwTiopoU yix va Bpei To Xpoua o
K&Tol0 onueio Kot To emioTpépel. Mopel var kKaAéoer Tnv
trace_ray, yia va cUAAEEEL PwTIOUO KOl amro &AAES
KoTeuBuvoers.



Teprypagt) oxnvtis

environment -color 0.2 0.25 0.3 -texture clouds.cubemap

material -name foo -diffuse 1 0.2 0.1 -specular 1 1 1 -shininess 60
material -name gnd -reflect 0.3 -texture tiles.jpg

sphere -name sph -center 0 0 O -radius 1 -material foo
plane -name floor -normal 0 1 O -distance -1 -material gnd

light -position -10 10 -20 -color 0.8 0.8 0.8

xform -name sph -time O -pos 0 1 0
xform -name sph -time 1 -pos 0 0 O



Single-threaded raytracer example video




Symmetric Multi-Processing



Symmetric Multi-Processing

Kabe emefepyaoTtns 1 core ektelel éva Kernel Schedulable Entity ava
T&oa oTIyp.

Processes

e fork (UNIX)

o CreateProcess (Windows)

o POSIX threads (pthread_create)
o Cl1 threads (thrd_create)

o C++11 threads (std::thread, std::async,
std: :promise/std: :future)

o OpenMP (#pragma omp parallel)




Multithreading

o Alaywplopds Tou UTToAoylopoU o€ TTOAAATA& threads
o ZToTIKOS Braxwpiopds (m.x. 4 threads - 1/4 Tou frame To
Kaf'éva
e Worker thread pool
@ Zuyxpoviopds
e Mutual exclusion: phtread_mutex_lock, mtx_lock, std::mutex::lock,
std::unique_lock
o Condition variables:
pthread_cond_wait/pthread_cond_signal/pthread_cond_broadcast,
cnd_wait/cnd_signal/cnd_broadcast, std::condition_variable
o pthread_join/pthread_detatch, thrd_join/thrd_detatch, std::thread::join,
std::thread::detatch.



Worker thread pool

@ n worker threads xoipoUvTton pe pthread_cond_wait oTo
work_pending condvar.
@ To main thread:

o KAaidwvel To mutex

TpoofBeter work list items
e Zumrvdel Tous workers ye pthread_cond_broadcast

o ZekAs1dwvel To mutex

@ To worker thread:
o KAedwvel To mutex
o Av umdpyel Souleld otn AloTa THY a@aipel, Kol TNV eKTeAel
(apol apfoel To mutex).
o Av Bdev umdpyel doulelid oTn AMoTa ava-TréTeEl yia UTIvo
K&vovTas wait oTo condvar.



OpenMP

o High-level parallelization

o AuTopaToTrolel Tov TOPOAANAIOUO TUNUATWY TOU KWOIKA TTOU
Béloupe va ekTeEAeoTOUV TTAPEAANAC.

o Amroutel utrooTipign oo Tov compiler (evepyoTrolsiTal oTov gec
pe —fopenmp)

o O compiler x&vel emit kAfjoels oto OpenMP runtime library Tou
uhoTrotel worker threads, synchronization epyoieia, k.o. (oTov gec:

-lgomp)



OpenMP

for(int i=0; i<frame->ysz; i++) {

Color *pixel = frame->pixels + i * frame->xsz;
for(int j=0; j<frame->xsz; j++) {
Ray ray = camera->get_primary_ray(j, 1i);
xpixel++ = trace_ray(scn, ray);
}



OpenMP

#pragma omp parallel for
for(int i=0; i<frame->ysz; i++) {

Color *pixel = frame->pixels + i * frame->xsz;
for(int j=0; j<frame->xsz; j++) {
Ray ray = camera->get_primary_ray(j, 1i);
xpixel++ = trace_ray(scn, ray);
}



Multi-threaded raytracer example video




GPU Computing



E¢EMEn Towov PC kapTv ypagikawy

o 80s: CGA, EGA, VGA framebuffer

o opyés-puéoa 90: SuperVGA framebuffer

o TéAn 90 - opyés 2000: 3dfx, ATI, NVIDIA "3D accelerators”

o apyxés-uéoa 2000: programmable shaders (Geforce3) Tpayixk&
TEPIOPICUEVO UTTOAOYIOTIKO HOVTEAO.

o TéAn 2000 - ofjuepa: Geforce8800+ TANPWS TPOYPAPUXTILOUEVES
GPU pe ToAAoUs Truptves eKTEAEOTS.



GPU programing languages



GPU programing languages

Shader assembly dialects

o OpenGL ARB vertex/pixel programs
o Direct3D vertex/pixel shaders 2.0




GPU programing languages

Shader assembly dialects

o OpenGL ARB vertex/pixel programs
o Direct3D vertex/pixel shaders 2.0

High-level shading languages

e nvidia Cg (C for graphics)
@ OpenGL Shading Language (GLSL)
o DirectX HLSL




GPU programing languages

Shader assembly dialects

o OpenGL ARB vertex/pixel programs
o Direct3D vertex/pixel shaders 2.0

High-level shading languages

e nvidia Cg (C for graphics)
@ OpenGL Shading Language (GLSL)
o DirectX HLSL

GPGPU computing languages

@ nvidia cuda

o OpenCL (Open Computing Language)
@ OpenGL Compute Shaders




GPU computing architecture

o Multiple floating point processors

o Groups of processors (warps) pe kown local pvfiun ko kowo
execution control

o Auvapikd scheduling Twv groups pe apeAnTéo context switching
overhead

o lepopyla pvfiuns (emduevo slide)



GPU memory hierarchy
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OpenCL vs CUDA vs GLSL

OpenCL CUDA GLSL
work item thread fragment
work group thrad block N/A
global memory global memory OpenGL textures & buffers
constant memory constant memory uniforms
local memory shared memory N/A

private memory
get_global_id(0)

registers
threadldx.x +
blockldx.x * blockDim.x

local variables
gl_FragCoord.x



ATAS Topdderypa OpenCL

Host code:

inbuf = clCreateBuffer(ctx, CL_MEM_READ_ONLY, sz, 0, &err);
outbuf = clCreateBuffer(ctx, CL_MEM_WRITE_ONLY, sz, 0, &err);

clEnqueueWriteBuffer(cmdq, inbuf, 1, O, sz, data, 0, 0, 0);

prog = clCreateProgramWithSource(ctx, 1, &src_buf, 0, &err);
clBuildProgram(prog, 0, 0, 0, 0, 0);

kernel = clCreateKernel(prog, "square", &err);
clSetKernelArg(kernel, O, sz, &inbuf);
clSetKernelArg(kernel, 1, sz, &outbuf);

int globsz[] = {1, 0, 0};
clEnqueueNDRangeKernel (cmdq, kernel, 1, 0, globsz, 0, 0, 0, 0);

clEnqueueReadBuffer (cmdq, outbuf, 1, 0, sz, data, 0, 0, 0, 0);

Kernel code:

kernel void square(global int *dest, global int *data)
{

int idx = get_global_id (0);

dest[idx] = datal[idx] * datal[idx];



GPU Tlapaderypa oe GLSL

@ Ylomoinon oav GLSL fragment shader (pixel shader)

o Kd&be “thread” exTeAeiton yia ouvteTaypéves (gl_FragCoord.x,
gl_FragCoord.y)

@ Ta data structures Tng oknvfis KwdikoTroloUuvTal oo pixel rows o
texture images.

@ Fullscreen OpenGL polygon (quad) y1& va ekTedeoTel o shader yio k&Be
pixel.



Scene data buffers




GPU ray tracer example video
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