Nepapxuna namatm CUDA.
Shared-namartb m ee
addchekKTuBHOE
MCcnonb30BaHMe.
MapannenbHaa peayKUMA.

JleKTopbl:
bopeckoB A.B. (BMuK MI'Y)
XapnamoB A.A. (NVidia)




Tunol namatu B CUDA

Tun namatn | doctyn |YpoBeHb CkopocTb paboThl
BblAenieHuns
PerncTpel R/W Per-thread Bbicokasi(on-chip)
JlokanbHas R/W Per-thread |Hwu3kas (DRAM)
Shared R/W Per-block |Bbicokasa(on-chip)
['nobanbHas R/W Per-gric Hunskaa (DRAM)
Constant R/O Per-gric Bbicokas(L1 cache)
Texture R/O Per-gric Bbicokasi(L1 cache)




shared-namars B CUDA

Camag b6bictpas (on-chip)
Cenyac Bcero 16 K6ant Ha oanH MynbTUNPOLIECCOP
CoBMeCTHO M1CMOoJb3yeTcsl BCEMU HUTAMK 6510Ka

OTpenbHoe obpalleHne ans KaXkaou nosioBUHbI warp'a
(half-warp)

Kak npaBunio, TpebyeT SBHOM CUHXPOHM3aLMK



TUNUYHDbIN NaTTEepH
MCNOJNb30BaHMA

3arpy3nTb HeobxoauMble AaHHbIE B
shared-namatb (13 rnobanbHOW)

__syncthreads ()

BbINONTHUTL BbIYUCIEHUA HaA
3dlPpy>XEHHbIMN AdHHbIMU

__syncthreads ()

3anucaTb pe3ynbTaT B rnobanbHyto
NaMAaTb



YMHOXeHue maTtpui,

[lpon3BeaeHne AByX KBagpaTHbIX MaTpuy
A n B pa3mepa N*N, N kpaTHO 16

MaTpuLbl pacnonoXeHbl B rnobanbHOU
NaMaTu

[10 O4HOW HUTU HA KAaXXAbIN 31EMEHT
npou3BeaeHns

2D 6nok — 16*16
2D grid



YMHOXeHue martpuu.
Crapasa peanusauusa.

#define BLOCK SIZE 16

__global  void matMult ( float * a, float * b, int n, float * c )
{

int bx = blockIdx.x;

int by blockIdx.y;

int tx threadIdx.x;

int ty = threadIdx.y;

float sum = 0.0f;

int ia = n * BLOCK_SIZE * by + n * ty;

int ib BLOCK SIZE * bx + tx;

int ic = n * BLOCK_SIZE * by + BLOCK SIZE * bx;

for ( int k = 0; k < n; k++ )
sum += a [ia + k] * b [ib + k*n];

¢ [ic + n * ty + tx] = sum;



NMpocTenwan peanu3aums.

Ha Ka)kabin 3N1eMeHT
2*N apudmMeTmnyeckmnx onepauum
2*N obpalleHumn K rnobanbHOM NamMsaT

Memory bound (TOpMO3UT UMEHHO AO0CTYnM
K MamMsaTu)




NMpocTenwan peanu3aums.

[Mpu BbluncneHnn C’ NOCTOAHHO
MCNOMb3YTCA OOHU N Te XXe 3NIeMEHTbI

msAunB

Mo MHoro pa3 CHNTbIBAOTCA U3
rnobanbHOM NamsTh

QTN MHOrOKpPaTHO MUCMOSb3yeMble
3fIeMEHTbI POPMUPYIOT MONOCHI B
matpuuax A n B

Pa3mep Takon nonockl N*16 n gns

pearibHbIX 3aa4 AaXe ojHa TaKas

nonoca He nomewlaeTca B shared-namsaTb




ddbdhekTuBHaAA peanm3aLmA.

«Pasgensn n Bnacteymny B

Pa3buBaem Kaxayto rnosiocy Ha
KBagpaTHble maTpuubl (16*16)

Torga Tpebyemas nogmatpumua
nponsseneHns C’ MOXeT BbITb
npeacTaBfeHa Kak cymma nponssegeHunn
Taknx maTtpuy, 16*16

[ns paboTbl HYXXHO TONbLKO ABE MaTPULLbI
16*16 B shared-namsaTtun A C

' ' ' '
Al Bl AN/16 BN/16




ddbdhekTuBHaAA peanm3aLmA.

__global  void matMult ( float * a, float * b, int n, float * c ) {

int bx =
int tx
int aBegin =
int aEnd =
int bBegin =
int aStep =
float sum =
for ( int ia
shared

__shared__

as [ty] [tx]
bs [ty] [tx]

blockIdx.x, by = blockIdx.y;

= threadIdx.x, ty = threadIdx.y;

n * BLOCK SIZE * by;

aBegin + n - 1;

BLOCK_SIZE * bx;

BLOCK SIZE, bStep = BLOCK SIZE * n;

0.0f;

= aBegin, ib = bBegin; ia <= aEnd; ia += aStep, ib += bStep ) {
float as [BLOCK SIZE] [BLOCK SIZE];

float bs [BLOCK_SIZE][BLOCK_SIZE];

= a [ia + n * ty + tx];

=Db [ib + n * ty + tx];

__syncthreads (); // Synchronize to make sure the matrices are loaded

for ( int k

sum += as

= 0; k < BLOCK SIZE; k++ )

[tyl [k] * bs [k][tx];

__syncthreads ()’ // Synchronize to make sure submatrices not needed

}

¢ [n * BLOCK

SIZE * by + BLOCK_SIZE * bx + n * ty + tx] = sum;



ddbdhekTuBHaAA peanm3aLmA.

Ha Ka)kabin 3N1eMeHT
2*N apudmMeTmnyeckmnx onepauum

2*N/16 obpaweHnn K rnobanbHOU
NaMsaTy

[10CKOMIbKY pa3Hble warp’bl MOryT
BbINO/IHATb pa3Hble KOMaHAbl HY>XXHa ABHas
CMHXPOHU3ALUUSA BCEX HUTEN BoKa

bbicTpoaencTeme Bbipocio bonee 4eM Ha
nopsiaok (2578 vs 132 MmunnmncekyHa)




ddbdhekTneHaa pabora c
shared-namarbio.

[1n9 NOBbILLEHUS NMPOMNYCKHOM CNOCOOHOCTH
BCS shared-namaTtb pa3buta Ha 16 6aHkoB

Kaxkabin 6aHK paboTaeT He3aBUCUMO OT
APYyrnx

MO>XHO OAHOBPEMEHHO BbIMOSHMUTL A0 16
obpaleHnn Kk shared-namatu

Ecnn naet Heckonbko obpalleHumn K

OAHOMY 6aHKYy, TO OHWM BLIMOJTHAKOTCA MO
oyepeaun



ddbdhekTnsHaa pabora c
shared-namarbio.

baHku cTposTca n3 32-6MTOBbIX C/10B

[oapsa naywune 32-butoBble C/10Ba
nonapatoT B noapsa naywme 6aHku

Bank conflict — HeCKONMbKO HUTEN U3
oaHoro half-warp’a obpatluatotcs K ogHOMY
N TOMY Xe baHKy

KOHMIMKTa He NponcxoaunT ecnu Bce 16
HUTEen obpallatTca K OQHOMY C/OBY
(broadcast)




beCKOH(hNMUKTHbIE NaTTepPHbI
AocTyna

Bank0 | [ Threado Bank 0 |
Bank1 | [ Thread1 | Bank1l |
Bank2 | [ Thread2 Bank2 |
Bank3 | | Thread3 Bank3 |
Bankd | [ Thread4 Bankd |
Bank5 | [ Threads Bank5 |
Bank6 | [ Thread6 Bank 6 |
Bank7 | [ Thread? Bank7 |
Bank8 | [ Thread$ Bank8 |
Bank9 | [ Thread9 Bank9 |
Bank10 | [ Thread 10 Bank 10 |
Bank11 | [Thread 11 Bank 11 |
Bank12 | [Thread 12 Bank 12 |
Bank13 |  [Thread 13 Bank 13 |
Bank 14 | [Thread 14 Bank 14 |
Bank15 | [Thread 15 Bank 15 |




NMarTepHbl C KOHNMIUKTaAMM
6aHkoOB

Bank0 | [ Threado Bank 0 | Cresa - KoHdnuKT

| Bankl | | Thread1 Bank1 | BTOPOro NOpPsAKa — BABOE
Bank2 | | Thread2 Bank2 | MEeHbLUAaA CKOPOCTb

| Bank3 | | Thread3 Bank3 | Heckonbko KkoHdNUKTOB,
' Bank4 | [ Thread4 Bankd4 | Ao 6-ro nopspka

'i Bank5 | | Threads Bank5 |

"& Bank6 | | Thread6 Bank6 |

’0’ | Bank7 | | Thread7 Bank7 |

‘ Bank8 | | Threads Bank§ |

“ | Bank9 | | Thread9 Bank9 |

“ Bank10 | | Thread 10 Bank 10 |

‘ | Bank1l | [Thread 11 Bank 11 |

‘ Bank12 | | Thread 12 Bank 12 |

| Bank13 | | Thread 13 Bank 13 |

Bank 14 | | Thread 14| Bank 14 |

| Bank15 | |Thread15 | Bank15 |




Mpumep - maTpuubl 16*16

[lepeMHOXXeHne AByxX MaTpuL 16*16,
PACMoI0XeHHbIX B shared-namsaTu

[locTyn K 0AgHOM MAET Mo CTPOKaM, K Apyroun — rno
CT0N6UaM

Bce aneMeHTbl CTPOKKU pacnpeaeneHsl
paBHOMepHO No 16 6aHKkam

KOH(M/IMKTOB HET
Bce anemMeHTbl cTONOLA Nnexart B O4HOM
6aHke

KoH®ANKT 16-ro nopsaaka



Mpumep - maTpuubl 16*16

,D,OI'IOJ'IHI/IM KG)K,EI,yI-O CTpOKy OOHUM
anemMmeHToOMm 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Bce anemeHThl CTPOKK (Kpome

nocrieHero) nexat B pasHbIX

DaHkax
Bce anemeHTbl cTONOuUa Takke

nexar B pasHbIX 6aHKax

dakTnyeckn 3a cHeT HEDOSbLLOrO
yBennyeHnst oobema namsitu
NOSIHOCTbLIO U3BaBUNUCL OT
KOH(NUKTOB



Peanusauusa
napannenbHOM peayKumm

J1aHo:
MaccuB 31EMEHTOB 4, 4,...,4,_,
buHapHas accounaTuBHas onepauus '+’
Heobxoammo HanuTu
A A=a,+a, +...+a,

JinMuTupyrowmn dakTop — AOCTYnN K
NaMaTu

B KayecTBe onepauun MoXeT ObITb
min/max



Peanusauusa
napannenbHOM peayKumm

Kakgomy 610Ky COMoCTaB/isieM 4acTb
MaccmBa

bnok
KonupyeT naHHble B shared-naMaTb

Nepapxmnyeckm cymMMUpyeT AaHHbIE B
shared-namMaTu

CoxpaHseT pe3ynbTaT



Mepapxmueckoe
CyMMMpOBaHUue
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[lo3BONAEeT NpoBOANTbL CYMMUPOBaHME
napannenbHO, UCMOAb3yS MHOMO HUTEW

TpebyeT logN wwaros



Peaykumsa, sapmaHT 1
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Peaykumsa, sapmaHT 1

__global  void reducel ( int * inData, int * outData )
{

__shared  int data [BLOCK SIZE];

int tid = threadIdx.x;

int 1 = blockIdx.x * blockDim.x + threadIdx.x;

data [tid] = inData [i]; // load into shared memory
__syncthreads ()
for ( int s = 1; s < blockDim.x; s *= 2 ) {
if ( tid % (2*s) == 0 ) // heavy branching !!!
data [tid] += data [tid + s];
__syncthreads ()
}
if ( tid == 0 ) // write result of block reduction
outData[blockIdx.x] = data [0];



Peaykuuma, BapmaHT 2
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Peaykuuma, BapmaHT 2

__global  void reduce2 ( int * inData, int * outData )
{
__shared  int data [BLOCK SIZE];
int tid = threadIdx.x;
int 1 = blockIdx.x * blockDim.x + threadIdx.x;
data [tid] = inData [i];
__syncthreads ()

// load into shared memory

for ( int s = 1; s < blockDim.x; s <<=1 )
{
int index = 2 * s * tid;
if ( index < blockDim.x )
data [index] += data [index + s];

__syncthreads ()
}

if ( tid == 0 ) // write result of block reduction
outData [blockIdx.x] = data [0];



Peaykuuma, BapmaHT 2

[TpaKTM4eCcKn NOSHOCTbIO N36aBUNNUCL OT
BETB/IEHUS
OaHaKo Nony4man MHOro KOHMNKTOB MO

baHKaM

[1na KaXkaoro cneayrowlero wara Lmkia
cTeneHb KOHMIMKTa yABanBaeTCs




Peaykuua, sapuaHTt 3

MI3MeHMM NopsaaoK CYMMUPOBAHUS

PaHblle CyMMUPOBaHME HaYMHANOCh C
coceaHUX 3/IEMEHTOB U pacCTosHMe
YBENM4YnBasoCcb BABOE

HayHeM cymMumnpoBaHue ¢ Hanbonee
yaaneHHbixX (Ha dimBlock.x/2) u paccTosiHue
6yneMm ymeHbLLaTb BABOE



Peaykuua, sapuaHTt 3

s:
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Peaykuma, BapuvaHT 3

__global  void reduce3 ( int * inData, int * outData )
{

__shared  int data [BLOCK SIZE];

int tid = threadIdx.x;

int 1 = blockIdx.x * blockDim.x + threadIdx.x;

data [tid] = inData [i];
__syncthreads ()
for ( int s = blockDim.x / 2; s > 0; s >>=1 )
{
if ( tid < s )
data [index] += data [index + s];
__syncthreads ()

}
if ( tid == 0 )
outData [blockIdx.x] = data [0];



Peaykuua, sapuaHTt 3

N36aBUINCb OT KOHMIMKTOB No 6aHKaM
N36aBUNINCL OT BETBEHUS

Ho, Ha nepBou UTepauum NONOBUHA
HUTEWN NPOCTAMUBAET

[1pOCTO caenaem nepeoe CyMMUpPOBaAHUE MNpu
3arpyske



Peaykuuma, sBapumaHT 4

__global  void reduce4 ( int * inData, int * outData )
{

__shared  int data [BLOCK SIZE];

int tid = threadlIdx.x;

int 1 = 2 * blockIdx.x * blockDim.x + threadIdx.x;

data [tid] = inData [i] + inData [i+blockDim.x]; // sum
__syncthreads ()

for ( int s = blockDim.x / 2; s > 0; s >>=1 )
{
if ( tid < s )
data [tid] += data [tid + s];
__syncthreads ()

}
if ( tid == 0 )
outData [blockIdx.x] = data [0];



Peaykumua, BapmaHT 5

[lpn s<=32 B KaXX0M b6/10Ke OCTaHEeTCH
BCEro rno ogHoMmy warp'y, noaTomy
CUHXPOHU3aLMS YXKe He HY>XXHa

npoBepka tid<s He HyxHa (OHa Bce paBHO
HMYero B 3TOM C/ly4ae He [eNnaer).

pa3BepHeM UUKN angd s<=32



Peaykumua, BapmaHT 5

for ( int s = blockDim.x / 2; s > 32; s >>= 1)
{
if ( tid < s )
data [tid] += data [tid + s];

__syncthreads ()

if ( tid < 32 ) // unroll last iterations
{

data [tid] += data [tid + 32];
data [tid] += data [tid + 16];
data [tid] += data [tid + 8];
data [tid] += data [tid + 4],
data [tid] += data [tid + 2];
data [tid] += data [tid + 1];



Peaykuusa, obicTpoaencreme

BapuaHT anroputMma | BpeMs BbiNnoJIHEHUSA
(MunncekyHAabl)

reductionl 19.09
reduction2 11.91
reduction3 10.62
reduction4 9.10
reduction> 8.67




Pecypcbl HaWlero Kypca

CUDA.CS5.MSU.SU

MecTo A9 BONPOCOB U ANCKYCCUM
MecTo And MaTepuanoB Hallero Kypca

MecTo ans Balmx ctaTen!
Ecnn Bbl HaWNW KaKOW-TO MHTEpPECHbIN noaxon!

Nnn nccnenoBany Npon3BoaANTENbHOCTb Pa3HbIX MOAX0/0B U
3HaeTe, Kakou U3 HUX CaMbl BbICTPbIN!

Nnn 3HaeTe cnocobbl caenatb paboty ¢ CUDA npouye!

www.steps3d.narod.ru
WwWW.nhvidia.ru




Bonpochbl




