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OpenMP

#pragma omp parallel for
for (int i = 0; i < n; ++i) {
// KOX

#pragma omp critical

{

// KPpHUTHYEeCKas CeKIMsA

#pragma omp parallel for schedule (static)

for (Int 1 = 0; 1 < ny ++1) {
// Kaxneli NOTOK Ha3HadYeH Ha QUKCHUPOBAaHHEE MHIEKCH (static - mo yMoin4YaHum)
// ymob6HO nyis NUMA (C TOYKM 3peHMs JoCcTyna K NaMATH)

#pragma omp parallel for schedule (dynamic, 100)
for (Int 3. =0; 3 < n§ ++i) |
// KaxOepi NOTOK OepeT odepelHyD I'PyNny MHIOEKCOB KakK TOJBEKO obpaboTajl npeHNymyn



CPU npodounmpoBLLNKK

Intel VTune Amplifier (Free 90-Day Renewable Community License)
AMD CodeXL

AMD pProf

Perf + FlameGraph

GPGPU npodunmnposLmnkm

AMD CodeXL
NVIDIA Visual Profiler

[MpodmnnpoBLLNKN 0OLLIEr0 HAa3HAYEeHUS

Shotgun npodunmpoBaHne 0CTaHOBKOW MO OTNag4yMKoM
JlorrmpoBaHne cymmapHOro BpeMeHU BbINOSIHEHNSI KEPHESIOB, BPEMEHMU
paboTbl BCEro anroputma, sBpemeHn padotoel CPU-4yactu, spemenu 10,

N T.0. NpUKNaabiBaTb YCUNUS No ONTUMU3aLNN B Y3KOM MeECTe
[MocmoTpeTb Ha rpadpukm ytunusaumm CPU/GPU/IO/network n T1.0.
onpeaennTb Co CTOPOHbI BO YTO yrnnpaeTcs

3anycTnTbCsa Ha ogHoM/OByX/4HeTblpex/64 aapax n 3aMepuTb YCKOPEHNEe
3anyCcTnTbCsa Ha ogHoOW/OBYX/YeTbipex/BOCbMU BUAEOKAPTaAX N 3aMeEPUTb


https://software.intel.com/en-us/system-studio/choose-download
https://github.com/GPUOpen-Tools/CodeXL
https://developer.amd.com/amd-uprof/
https://en.wikipedia.org/wiki/Perf_(Linux)
https://github.com/brendangregg/FlameGraph
https://github.com/GPUOpen-Tools/CodeXL
https://developer.nvidia.com/nvidia-visual-profiler

Kak ontummnanpoBaTb

1)
2)
3)

4)
5)

Hantn TMnmn4dHbin cueHapuin BbINOSTHEHUA U TUNUYHOE XKese3o

3anyCcTnTb N HAUTK y3Koe MecTO (NMPodUNNPOBLLNKAMN)

OuUEeHUTb Kakon 00U MakCcMManbHbIN MPUPOCT B TEOPUN MOXKHO MOSTYYnUTb
(B NpeanonoXXeHnn 4To CTapoe y3Kkoe MeCTO CTaHeT uaearibHO ObICTPLIM)
Oco3HaTb MOXHO 11 ero yCKoOpuTb

CooTHecCTu 3aTpaTbl pa3paboTKn K BbIUTPbILLY N BbIOpaTb peLLUEHUE:
YnopHoe - Ha4yaTb C ONTUMU3aLNNA C HAUITYYLLXUM COOTHOLLEHUEM
TEOPETUYECKOro YCKOPEHUS K BpEMEHN pa3paboTKn, NOCTOSIHHO yOexaaTbCs
4YTO obLLee BpeMSI YMEHbBLUUIIOCH TaK Kak OXuaanocb, Korga octaBLUeecs
TEOpPEeTUYECKOE YCKOPEHNE CTAHOBUTCA CIIULLKOM CIIOXHbIM - He 3a0bITb
OCTaHOBUTbLCH

AOMUVHUCTpPATUBHOE - J0XaTb Xene3om nocraBuB bonee aPEKTUBHYIO
XXernes3Ky OTBETCTBEHHYIO 3a Y3KOe MeCTO (MOXET ObITb BbIrOgHEE KYMNUTb
NpoLeccop C MEHLLUUM YMCIIOM S4ep, HO ¢ BonbLKM)

Punocodckoe - He ONTUMN3NPOBATL



mkazhdan/PoissonRecon

CPU: i7 6700 (4 cores/8 threads)
dnarn komnunauun: -O3 -funroll-loops -ffast-math

AprymeHTbI 3anycka: Bin/Linux/PoissonRecon --in eagle.points.ply --out
eagle.screened.color.ply --depth 10 --colors --performance --threads 8

Npaduk Harpy3Kku Ha npoueccop:
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https://github.com/mkazhdan/PoissonRecon
https://github.com/mkazhdan/PoissonRecon/blob/7d3ba8552ee496f8c38d3e95c21322fb8d4d631c/Makefile#L31

Data-Parallel Octrees for Surface Reconstruction,

Zhou et al., 2011

GeForce 8800 ULTRA 6bicTpee pedepeHcHon peanusaumn B 100-200 paas:

Model | # Points |Tree Depth| # Triangles | Memot | Mem | Tot | Trunc | Tiso | Ttotar | FPS | TS, | Tepu
Bunny 353272 8 228653 120MB | 290MB 40ms 144ms 6ms 190ms | 5.26 8.5s 39s
Buddha 640735 8 242799 160MB | 320MB 50ms 167ms 35ms | 252ms | 3.97 16.1s 38s
Armadillo 512802 8 201340 140MB | 288MB 43ms 149ms Sms 197ms | 5.06 12.8s 42s
Elephant 216643 8 142197 200MB | 391MB 46ms | 209ms | 41lms | 296ms | 3.38 5.5s 34s
Hand 259560 8 184747 125MB | 253MB 36ms 143ms | 27ms | 206ms | 4.85 6.4s 26s
Dragon 1565886 9 383985 230MB | 460MB | 251ms | 486ms 23ms | 760ms 1.31 39.1s 103s

In terms of performance, the GPU algorithm 1s over two
orders of magnitude faster than the CPU algorithm. For
example, for the Stanford Bunny, the GPU algorithm runs

orithm

implementation 1s provided by the authors of [2] and is
ell optimized. (Ha caMom fene HeT)



http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.164.2415&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.164.2415&rep=rep1&type=pdf

Intel VTune Amplifier

[MpOoPUNMPOBLLMK TOXE NOKa3biBaeT XOPOLLMA YPOBEHL Nnaparnnenusma:
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Tem He meHee PoissonRecon B 3aBUCUMOCTU OT YuMCa NOTOKOB UCMOSTHAETCS:

- 1 notok -60 cekyHq
- 2 notoka - 43 cekyHabl
- 8 noTokoB - 38 cekyHA


https://software.intel.com/en-us/system-studio/choose-download

1 noToK
Elapsed Time “: 60.593s
SP GFLOPS “: 0.357

(V) Effective Physical Core Utilization *: 23.4% (0.935 out of 4) Kk
Effective Logical Core Utilization : 12.2% (0.975 out of 8) k
(>) Effective CPU Utilization Histogram

() Memory Bound *: 14.0% K of Pipeline Slots
Cache Bound *: 85%  of Clockticks
(>) DRAMBound “: 122%  of Clockticks
) Bandwidth Utilization Histogram

©) FPU Utilization ”: 0.3% K

SP FLOPs per Cycle ~: 0.109 Outof 32 &
Vector Capacity Usage “: 13.8% &
(~) FP Instruction Mix:
(v) % of Packed FP Instr. =: 0.0%
% of 128-bit 0.0%
% of 256-bit ~: 0.0%
% of Scalar FP Instr. ~: 100.0% K

FP Arith/Mem Rd Instr. Ratio =: 0.159 k&
FP Arith/Mem Wr Instr. Ratio =: 0461 Rk



1 NoToOK

- Hwnskasa ytunnsauyma ALU (0.357 ruradononc)
- YnupaeTca B onepaTuUBHYO NamMsiTb, HA3Kasi MPONyCcKHass CNOCOOHOCTb:
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MHOronoTo4YHbIN BapuaHT JOSMKEH Obl ycneBaTb 3anpalumBaTtb bonbluee
KONMMYecTBO AAHHbIX?



8 NOTOKOB

Elapsed Time “: 63.119s

SP GFLOPS “: 0.335

(v) Effective Physical Core Utilization ©. 79.2% (3.170 out of 4) Kk

Effective Logical Core Utilization =: 76.9% (6.154 out of 8) &

> Effective CPU Utilization Histogram
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Cache Bound *: 29.1% Rk of Clockticks
>) DRAMBound “: 29%  of Clockticks

>) Bandwidth Utilization Histogram
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CUDA on Turing Opens New GPU Compute Possibilities
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Figure 4. Dual Intel(R) Xeon(R] CPU E5-2690 v2 @ 3.00GHz (40 cores total); GeForce
RTX 2070 Founders Edition, Driver 410.73; average of cold and hot run

CppCon 2018: Olivier Giroux “High-Radix Concurrent C++”

[ogiroux@dt@3 samples]$ ./trie_mt

Assembled 98881 nodes
Assembled 98881 nodes
Assembled 98881 nodes
Assembled 98881 nodes

on 1 cpu threads in 127ms.

on
on
on

1 cpu threads in 89ms.

40 cpu threads in 1l4ms.
_ 4@ cpu threads in 13ms.

ngvpn@l1-172-29:samples olivier$ ./trie_mt
Assembled 98881 nodes on 1 cpu threads
Assembled 98881 nodes on 1 cpu threads
Assembled 98881 nodes on 8 cpu threads
Assembled 98881 nodes on 8 cpu threads

in
in
in
in

61ms.
68ms.
14ms.
15ms.

e

Xeon ¢ 40 sgpamu no 3.00GHz,
n6OoNbLITHO YTO B NyOnukauum
apyrue vmcna

HoyTbyk, BepoATHO € 4 agpamu


https://devblogs.nvidia.com/cuda-turing-new-gpu-compute-possibilities/
https://youtu.be/75LcDvlEIYw?t=1112

OnTuMmnsauuu
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7)

bbiBaeT BbIrOAHO NOKa BUAEOKapTa CYNTAET yXKe HauynmHaTb roOTOBUTb
BXOAHble AaHHble Ha CPU ana cneaytowero BelumcneHus (interleaving)
BbiBaeT BbIrO4HO 3anyckaTb BbIYUCIIEHUS HA OQHOM U TOW XXe BUOEeOKapTe B
HEeCKOSbKO MOTOKOB (Maparnnenusm Ha ypoBHe 3adad - pagm interleaving)
bbiBaeT BbirogHO nepeHecTn 6onbLle Koga Ha BUOEOKapTY, T.K. UX MOXET
6bITb MHOIO WTYK U Toraa CPU mMoxeT HavyaTb He ycrneBaTb UX KOPMUTb
icnonb3oBaTb Npoueccop A9 BbIYUCNEHUN MPU UCTMONb30BaHUN
MHOXECTBEHHbIX BUOEOKAPT - Nfioxas nges, T.K. OH U Tak efie ycnesBaeT ux
KOPMUTb

bbiBaeT BbIrOAHO NpU ManeHbknx obbemax 3agad - obpadbaTteiBaTth Ha CPU
bbiBaeT BbIrogHO yBENMYMBaTL 06BEM 3a4auun, YTOObI HE ObINO 6OMNbLINX
yOenbHbIX HaKknagHbIX pacxogoB Ha 3amnycK, HO HY>XHO He 3abbiBaTh Mpo
driver timeout

MoxxeT 6bITb BbIrOAeH LWeaynep ans Nporpysku obmnx ans Bcex BngeokapT
AaHHbIX, ecnn O 3aHUMaET MHOIro BpEMEHU



