Aeximusa 2 _

Hepapxua namaru CUDA.
DPpPpeKTUBHOE NCHTOAB30BAHUE
pa3sA€eAdEeMOU ITaMATH.

Ilepenéakun E.E.
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Tunel mamaru 8 CUDA

Tun namsatu | Jloctynn | YpoBeHB CKOpOoCTb pabOTHI
BEIJCTICHUS

Peructpsl R/W | Per-thread | Beicokas(on-chip)
JloxkanpHas R/IW | Per-thread | Huskas (DRAM)
Shared RIW | Per-block | Beicokasi(on-chip)
[o6anbuast RIW | Per-grid Huzkas (DRAM)
Constant R/O | Per-grid Bricokas(L1 cache)
Texture R/O |Per-grid Bricokas(L1 cache)




o HEOCTR amcTrBo mamaTu CUD

- constant Briok (0, 0) Bnok(1, 0)
° textu re Pasgensiemas namsaTb ‘ Pasgensiemas namsaTb
MoTok(0, 0) Motok (1, 0) | Motok(0, 0) Motok (1, 0)

JlokanbHas JlokanbHas JlokanbHas INokanbHas
namMsTb namMsaTb naMsTb namMaTb

DRAM
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9 Twuner namaru 8 CUDA

mmm HOU “MAPANNENBHBIE BbIYUCNEHUA"

» Camas ObIcTpas — shared (on-chip) u perucTpsl
» Camas measieHHas1 — riodoajanbHas (DRAM)

* Jlas psjaa cjay4aeB MOKHO HCII0JIb30BATh
KAIIHUPYEMYI0 KOHCTAHTHYI0 M TEKCTYPHYIO
[AMATh

* Jloctyn k namatu B CUDA uaer oTaebHO 11
» kaxkmoi mosounubl warp’a (half-warp) Tesla 10
* warp’a (Tesla 20)
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\9 PaboTa ¢ maMsaThIO B EBER

e HOU “NAPANNENBHLIE BbIMUCAEHUA™

* OcHOB2 OITUMHU3AIUH — OIITUMHU3AITNA
pa0OTBI C HAMATHIO

* MakcuMaAbHOE UCIIOAB30BaHUue shared-
IIAMATH

* HMcrioap30BaHue ClIeIIUaABHBIX IATTEPHOB
AOCTYIIA K IIAMATH, FAPAHTUPYIOIIIX
3 PpEeKTUBHBIN AOCTYI

* IlarrepHBI padOTAIOT HE3ABUCHUMO B
npeaesax Kaxkaoro half-warp’a / warp’a
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Pabora ¢ rao0aapaON namaTteio B CUDA

0 PARALLSL COMPUTING e CENTRR

cudaError t cudaMalloc ( void ** devPtr, size t size );

cudaError t cudaFree ( void * devPtr );

cudaError t cudaMemcpy ( void * dst, const void * src,
size t count, enum cudaMemcpyKind kind ) ;

cudaError t cudaMemcpyAsync ( void * dst,
const void * src, size t count,
enum cudaMemcpyKind kind,
cudaStream t stream );

cudaError t cudaMemset ( void * devPtr, int value,
size t count );
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Pabora ¢ rao0aapaON namateo B CUDA

T S

[Ipumep paObOThI ¢ MI00AILHON NaMSITHIO
float * devPtr;

cudaMalloc ( (void **) &devPtr, 256*sizeof ( float );

cudaMemcpy ( devPtr, hostPtr, 256*sizeof ( float ),

cudaMemcpyHostToDevice ) ;

cudaMemcpy ( hostPtr, devPtr, 256*sizeof( float ),

cudaMemcpyDeviceToHost ) ;

cudaFree ( devPtr ) ;
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CUDA Compute Capability
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e HOU “MAPANNENBHbIE BLIYMCAEHUS"

* Bosmoxknoctu GPU o0o3Havarorcs npu
nomortn Compute Capability, mampumep 1.1

* Crapmas nudpa COOTBETCTBYET apXUTEKTYPE

* Miaauias — HeOOIBIINM aAPXUTECKTYPHBIM
U3MEHEHUSIM

* MOXHO HOJIYYUTH U3 IIOJICH Major u minor
cTpyKTyphI cudabDeviceProp
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\9 Compute Capability

HHHHHHHHHHHHHHHHHHHHHHHHH

GPU Compute Capability
Tesla S2070/C2070/2090 2.0/2.1
Tesla S1070/C1060 1.3
GeForce GTX 260 1.3
GeForce 9800 GX2 1.1
GeForce 9800 GTX 1.1
GeForce 83800 GT 1.1
GeForce 8800 GTX 1.0

RTM Appendix A.1 CUDA Programming Guide




w
Compute Cap ab111ty

e HOU “MAPANNENBHbIE BLIYMCAEHUS"

Compute Caps. — nocrynnas sepcuss CUDA
* Pasurie Bosmoxxkunoctu HW

. HpI/IMep
B 1.1 moGaBieHsl aroMapHbie oniepanuu B global memory
B 1.2 moGaByieHBI aTOMapHbIe onepanyu B shared memory
* B 1.3 noGaBnensl Beiunciaenusa B double

* B 2.0 1o0aBeHBI YIIPABICHUE KAIIIEM U JIp. ONEpaluu

* V3uarb goctynubii Compute Caps. MoxkHO Yepe3
cudaGetDeviceProperties ()

« Cm. CUDAHelloWorld
* Cerognsa Compute Caps:

* Bnuser Ha npaBuia padbOTHI ¢ I00AILHON MaMSTBHIO
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- O0OBeAnHEHHE 3AIIPOCOB

e HOU “NAPANNENGHBIE BbIYMCIE

* GPU ymeeT 00beaUHSATH Psijl 3aIPOCOB K
I7100aIbHOM NaMATH B OAUH OJIOK (TpaH3aKIHIO)

» HezaBucumo npoucxomut jjs kaxaoro half-
warp’a/warp’a ( CC 1.x/2.x)
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GPU ¢ CC1.0/1.1

e HOU “NAPARNENBHBIE BbIYMCAE HuS"

* Hutu oOpamarorcs
» 32-O0MTOBBIM CJIOBaM, JaBas 64-0alTOBEII OJIOK

* 04-0UTOBBLIM cJIOBaM, gaBas 128-0alTOBBIN OJIOK
» Bce 16 cioB aexar B mpejienax 0JIoKa

* K-as auth half-warp’a oopamaercs k k-my
CJIOBY OJIOKa

* bJI0K BEIpOBHEH



GPU c CC1.0/11

s HOU “MAPANIENbHBIE BLIMHCAEHNS"

Thread 0 Address 128 Thread 0 Address 128

!

Thread 1 Address 132 Thread 1 Address 132

Coalescing

Thread 2 Address 136 Thread 2 Address 136

Thread 3 Address 140 Thread 3 Address 140

i

Thread 4 Address 144 Thread 4 Address 144

Thread 5 Address 148 Thread 5 Address 148

Thread 6 Address 152 Thread 6 Address 152

Thread 7 Address 156 Thread 7 Address 156

Thread 8 Address 160 Thread 8 Address 160

Thread 9 Address 164 Thread 9 Address 164

Thread 10 Address 168 Thread 10 Address 168

il

Thread 11 Address 172 Thread 11 Address 172

Thread 12 Address 176 Thread 12 Address 176

Thread 13 Address 180 Thread 13 Address 180

Thread 14 Address 184 Thread 14 Address 184

SRR

i

Thread 15 Address 188 Thread 15 Address 188




GPU c CC1.0/11

s HOU “MAPANIENbHBIE BLIMHCAEHNS"

Thread O Address 128

| Address 128
Address 132
Address 136
Address 140
Address 144
Address 148
Address 152
Address 156
Address 160
Address 164
Address 168
Address 172
Address 176
Address 180
Address 184

Address 188

Thread 1 Address 132

Not Coalescing

Thread 2 Address 136

Thread 3 Address 140

i

Thread 4 Address 144

Thread 5 Address 148

Thread 6 Address 152

Thread 7 Address 156

Thread 8 Address 160

Thread 9 Address 164

Thread 10 Address 168

Thread 11 Address 172

Thread 12 Address 176

Thread 13 Address 180

Thread 14 Address 184

i

Thread 15 Address 188
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s HOU “MAPANIENbHBIE BLIMHCAEHNS"

* Hutm oOpammarorcs K

* 8-OMTOBBIM CJIOBaM, JAIOIIMM OAUH 32-0alTOBBIN
CErMEHT

* 16-OMTOBBIM cJI0BaM, JArOIMUM OIUH 64-0alTOBEIN
CErMEHT

¢ 32-OMTOBBIM CJIOBaM, JAIOIINM OAWH 128-0alTOBBIN
CETMEHT

* llonyyarouucsa CErMEHT BEIPOBHEH I10 CBOEMY
pa3sMepy
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Coalescing

e HOU “MAPANNENBHbIE BLIYMCAEHUS"

e Ecim x0T OBl OAHO YCJIOBHC HC BBIIIOJTHCHO

» 1.0/1.1 — 16 oTmenpHBIX TpaH3aKIMI

» 1.2/1.3 — oO6benuHsieT ux B 610ku (2,3,...) 1 1
Ka)KJ0ro OJI0Ka IIPOBOAUTCS OTACIbHAS
TpaH3aKIUs

» Jlms 1.2/1.3 mopsigok B KOTOPOM HUTH

oOpaIarTcs K CI0BaM BHYTPHU OJIOKa HE UMEET
3HadyeHwus (B oramunu ot 1.0/1.1)
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‘ OO0BeAMHEHUE AAA GPU c CC !!, !!

s HOU “MAPANIENbHBIE BLIMHCAEHNS"

1 TpaH3akumsa - 64B

LaLNEGUUILALSULL

2 TpaH3akumn - 64B n 32B

At

1 TpaH3akuua - 128B

At
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— NOI..l. 'I'IAPAIU'I‘EIII:HHIE ’B’b‘N‘H‘Cﬂ‘EH‘HS‘I"

» HacrtpanBaemsbiit L1 k311
CUDA
HUTL . JJISA KAXK10I'0 SM

« 16Kb SMEM, 48Kb L1

- 48Kb SMEM, 16Kb L1

e QO L2 ka1 miig Bcex

Ll SM
Shared Memory @ 768Kb

* ATOMapHbIE OIepaluu

20K Grpe sew a Tesl

« ECC, xoppeknus omnook
 Single-Error Detect
* Double-Error Correct
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9 Coalescing CC 2.0

e Djgaru KOMIUWJIAIUNA

* ucmoan3oBaTh L1 u L2: -Xptxas —dlcm=ca
* mcmoJb3oBaTh L2: -Xptxas —dlcm=cg

* Ko qunusa 128 0aUT ¥ BLIpABHUBAHUE
o 128 0aT B N100aJJbHOM NAMSATH

* O0beIUHECHUS NMPOUCXOUT HA YPOBHE
warp’oB
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\Q Coalescing CC 2.0

s HOU “MAPANIENbHBIE BLIMHCAEHNS"

* OOBEAMHEHHUE 3aIPOCOB B NaMSTh JIJIS 32 HUTECH

» L1 BxiroueHn — Bcerga uayT 3anpochkl o 1288 ¢

K3IIUpOBaHUEM B L1
2 TpaH3akuuu - 2 x 128B

EEEEEEEE IEEEEEEE NN NN
L1111 717117/ C(//////CK//Cér /
VI IV 7| 71022 20 7V 7 A2 22 7 7y 7y 1

crieayrouwmMn Bapn CKOpen Bcero Tonbko 1 TpaH3akuums,
TakK KaKk nonagaem B L1
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e HOU “MAPANNIENbHBIE BLIMMCEHHS"

L1 BEIKJIFOUEH — BCeraa UAYT 3alpoCkl 1o 325

 Jlyumie g pa3peKeHHOro JOCTyNa K MaMsITH

32 TpaH3akuun no 32B, BmecTo 32 x 128B

Y A———




* MoOKHO JO00OMTHCS 3aMETHOI0 YBEJIUYCHUS
CKOPOCTH PadoThI ¢ MAMATHIO

 Jly4uie ucrmojb30BaTb HE MACCHUB CTPYKTYP,
a HA0OpP MACCHUBOB OTAEJbHbIX KOMIIOHEHT —
3TO MO3BOJISIET HCI0JIL30BaThL coalescing



s HOU “MAPANIENbHBIE BLIMHCAEHNS"

struct wvec3

{
float x, vy, z;

};

vec3 * a;

float x

float * ax, * ay, * az;

float x = ax [threadIdx];
float y = ay [threadIdx];
float z az [threadIdx];

a [threadIdx.x].
float y = a [threadIdx.x].
float z = a [threadIdx.x].

CIIOAB30BAHMNC OTACABHBIX MAdCCHUBOB

He MoxeM nCmoib30BaTh
coalescing mpu YTeHNH TaHHBIX

I1oCcKOJIbLKY HUTH OJHOBPEMEHHO
00paIaTCA K MOCJIeA0BATEIbHO
JIeKAIUM CJI0BaM MAMSATH, TO
OyaeT mpoucxoauTh coalescing
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s HOU “MAPANIENbHBIE BLIMHCAEHNS"

Ax=f,
A — marpurnia pazmepa N*¥N,
f —BexTOp pazmepa N
* 'TpaAHITHOHHBIE METOABI OPUEHTUPOBAHBI HA

ITOCACAOBATCABHOC BBIYMICACHHUEC 39ACMCHTOB 1
HaM HC ITIOAXOAAT

* Ectp emre nrepatuBHBIE METOABI
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\Q - MtepaTtuBHBIE METOABI

e HOU “MAPANIENbHBIE BbIMHCAEHHS

* DddPeKTUBHBI KOTAQ
* Martpuna A cumAbHA pa3peiKeHa
* JlapaAaAeAbHBIE BBIYHCACHUA

* B 00oux cayuasax imeHa (110 BpeMEeHU) OAHOMI

nreparmuu O(N)



MCTOA HpOCTLIX nTepanu

e HOU TIAPATTEHLE BT

( Zak,x,j 1<k<n

1=k

Z —| <1, Odocmamounoe ycnosue cxooumocmu

1 n
X, =X +—(1‘k —Zakixfj, 1<k <n
A i=1
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Koa ma CUD
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coalescing ?

__global  void kernel ( float * a, float * f,
float * x0, float * x1, int n )

int idx = blockIdx.x * blockDim.x + threadId.x;
int ia = n * idx;
float sum = 0.0f;

for ( int i = 0; i < n; i++ ) sum += a [ia + i] * x0 [i];
alpha = 1.0f / a [ia + idx];
x1 [idx] = x0 [idx] + alpha * (f[idx] - sum);



o Profiler CAAY. BaEI/I aaT 1

ald uncoalesced
instructions
branch

gst coalesced
ald coglesced
cta launched
gst uncoalesced
divergent branch
local load

local store

tex cache hit
tex cache miss
warp serialize

L1

Profiler counters for method - Salve:4
0.00% 5.42% 10.83% 16.25% 21.67% 27.08% 32.50% 37.92% 43.33% 43.75% 54.17% 59,585 55.00% 70.42% 75.83% 81.25% 36.67% 92.08%

W

T T T T T T T T T T T T T T T T T
0.00%  542% 10.33% 16.25% 21.67% 27.08% 32.50% 37.92% 43.33% 8.75% 34.17% 39,38% 85.00% 0.428% 15.83% 31.25% 36.67% 92.08%

[TouaTtm 90% uncoalesced aoctyrr B rTamsaTh

ucrpykmum Bcero 8%

Ifﬁpo6AeMa B CYUTBIBAHUY MATPHUIIEI Anu
BEKTOpa X.



{

}

... Pemieaue CAAY. BaEI/IaHT 2

global  void Slvl ( float *dA, float dx0, float *dSum, float *dAA, int
N, int j)

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

if (j==0) dSum[t]=0.f;

float AA=dA[t+j*N];

if (§==t) dAA[t]=AA;
dSum[t] +=AA*dx0 ;

global void Sl1lv2 ( float *dA, float *dX0, float *dX1l, float *dSum,

~ float *dF,

{
}

float *dAA, int N)
int t = blockIdx.x * blockDim.x + threadIlIdx.x;
dX1[t]=dXO0[t]+(dF[t]-dSum[t])/dAA[t];

for (j=0;Jj<N;j++) S1lvl<<<N blocks,N_ thread>>>(dA,hX0[]j] ,dSum,dAA,N,])
cudaThreadSynchronize () ;
cutilCheckMsg ("Faild execution failed");

S1v2<<<N blocks,N_ thread>>>(dA,dX0,dX1l,dSum,dF,dAA,N) ;
cudaThreadSynchronize () ;
cutilCheckMsg ("Faild execution failed");
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Profiler CAAY. BapuauTt 2

Profiler Counter Plot

F
9

— e

Profiler counters for method - Slv1i6
0.00% 2.94% 5.88% 8.82% 11.76% 14.71% 17.65% 20.59% 23.53% 26.47% 29.41% 32.35% 35.29% 38.24% 41,18% 4,12% 47.06% 50.00%

instructions
g5t coglesced
ald coalesced
ctalaunched
gld uncoal lesced
branch
gst uncoa lesced
divergent branch

warp serialize

local load

local store

tex cache hit
tex cache miss

T T T T T T T T T T T T T T T T T
0.00%  294% 5.88% 8.82% 11.76% 14.71% 17.65% 20.59% 23.53% 26.47% 28.41% 32.35% 35.29% 38.24% 41.18% 4.12% 47.06% 50.00%

* Becw procTyir B ramsaTe — coalesced !
* Macrpyxmmn 50%

*  OAHAKO, MOKHO IIOAYIUTH AOIIOAHUTEABHOE
YCKOPEHUE 32 CUET TEKCTYPHOU IIAMATU



Tunel mamaru B CUDA

HHHHHHHHHHHHHHHHHHHHHHHHH

Tun namaru | Aoctynn | YpoBeHb CxopocTtb paboTHI
BBIACACHUA
Perucrpsr R/W Per-thread | Beicokas(on-chip)
AokaspHas R/W Per-thread | Huskas (DRAM)
Shared R/W Per-block | Bricokasa(on-chip)
I'nobanemas | R/W Per-grid Huskas (DRAM)
Constant R/O Per-grid Beicokas (L1 cache)
Texture R/O Per-grid Bercoxkas(lL1 cache)
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shared-mamars 8 CUDA

e SOUTIABATU TG VS oA SLPUSCTIEAUS.

* Camas OpIcTpas (on-chip)
* Ceitiuac Bcero 16/48 KOaliT Ha OAMH MYABTHITPOIIECCOP
* COBMECTHO HCITOAB3YETCS BCEMU HUTAMU OAOKA

* OTAEABPHOE o6pameHHe AASL KAKAOM TIOAOBHHBI Warp’a

(half warp)

* Kaxk mpaBuao, TpeOyeT ABHON CHHXPOHU3AITUN



-
TUnmIUHbBIN DaTTEPH NCHOAB30BAHUA

s HOU “MAPANIENbHBIE BLIMHCAEHNS"

@

1. 3arpysurb HEOOXOAMMBIE AAHHBIE B
shared-mamare (13 rA00aABHOLT)

2. __ syncthreads ()

3. BBIIIOAHUTH BEBIUMCACHUSA HAA
3arpy>K€HHBIMU AAHHBIMU

__syncthreads ()

5. 3ammcartp pe3yAbTAT B TAOOAABHYIO
I1AMATH
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DddexrTuBHaA padoTa ¢ shared-mamATbIO

HOU “NAPANNENbHBLIE BbIMMCAEHKUA™

* AAA TIOBBIIIIEHUSA IIPOIYCKHOM CITOCOOHOCTH BCH
shared-mamsaTs pazownra Ha 16 6arkos ( Tesla 10 )

v Ha 32 Oanka ( Tesla 20 )

* KaKABII OaHK pabOTAET HE3AaBUCUMO OT APYTHX

* MOXHO OAHOBPEMEHHO BBIIIOAHUTBL AO 16
obOparreHni K shared-mmamsaru

* E.CAM HAET HECKOABKO OOPAITIEHUI K OAHOMY
OaHKY, TO OHH BBIIIOAHAIOTCA IIO OUYEPEAT




DddexruBHaA padoTa ¢ shared-mamAThIO

HOU “NAPANNENbHBLIE BbIMMCAEHKUA™

4
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* bankn cTtposTcsa n3 32-OUTOBBEIX CAOB
* Tloapsa nayime 32-ONTOBBIE CAOBA IIOITAAAIOT B
ITOAPAA UAYIITHIE OAHKH

* Bank conflict — HeCKOABKO HUTEN U3 OAHOTO
halt-warp’a oOparmmaroTcs Kk OAHOMY B TOMY K€
OaHKY

o Komimmcra HE IIPOUCXOAUT €cAU Bce 16 HuTen
o6pama}oTC}1 K OAHOMY CAOBY (broadcas?)



"BeckOH(MAMKTHEBIE ITATTEPHBI AOCTYIIA

s HOU “MAPANIENbHBIE BLIMHCAEHNS"

Bank 0 | | Thread 0 Bank 0 |
Bank1 | [ Thread1l ]l Bank1l |
Bank2 | [ Thread2 Bank2 |
Bank 3 | | Thread 3 Bank 3 |
Bank 4 | | Thread 4 Bank 4 |
Bank5 | [ Threads Bank5 |
Bank 6 | | Thread 6 Bank 6 |
Bank 7 | | Thread 7 Bank 7 |
Bank 8 | | Thread 8 Bank 8 |
Bank9 | [ Thread9 Bank9 |
Bank10 |  [Thread 10 Bank 10 |
Bank1l | [Thread11 Bank 11 |
Bank12 | [Thread12 Bank 12 |
Bank13 |  [Thread 13 Bank 13 |
Bank14 |  [Thread 14 Bank 14 |
Bank15 | [Thread15 Bank 15 | Tesla 10
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ATTEPHBI C KOH(PAUKTAMU OAHKOB

mmm HOU “MAPANNENBHBIE BbIYUCNEHUA"

Bank 0 | | Thread 0 Bank 0 |

| Bank1l | | Threadl Bank1 | ® CaeBa — KOH(i)AI/IKT

' Bank2 | [ Thread? Bank2 | BTOPOIO IMOPAAKA — BABOE
| Banks | [Thread3 Banki | MeHBIAas CKOPOCTh

' Bank 4 | | Thread 4 Bank 4 |

'i Baks | [Threads saks | ° HECKOABKO KOH(AUKTOB,
"& Bank6 | | Thread6 Bank 6 | AO 6-TO ITIOPpAAKA

0‘” | Bank 7 | | Thread 7 Bank 7 |

’“‘ saks | [Threads sanks |

“ | Bank9 | | Thread?9 Bank9 |

‘ | Bank10 | [Thread 10 Bank 10 |

‘ | Bank1l | [Thread11 Bank 11 |

‘ Bank12 | |Thread 12 Bank 12 |

| Bank13 | |Thread13 Bank 13 |

Bank14 | |Thread 14| Bank 14 |

| Bank15 | |Thread15 | Bank15 | Tesla 10




AOCTyIl K MACCUBY 9A€EMEHTOB

— NOI..I. 'I'IAPAIU'I'EIII:HHIE ’B’b‘NM‘Cﬂ‘EH‘HS;I'

shared  float a [N];

HeTt xoH(pIMKTOB
float x = a [base + threadIdx.x];

shared short a [N];

KoH(MIUKTBI 2-10 MOpsaKa
short x = a [base + threadIdx.x];

shared  char a [N];

KoH(paukTeI 4-10 MOpsaKa
char x = a [base + threadIdx.x];

shared _ double a [N]; KoH(pIUKTHI 2-10 HOpsaKa
g CC 1.x

Het xondmukToB 115 CC 2.x

double x = a [base + threadIdx.x];



3apauya N-rea. GPU Bapuant !

__global  void Acceleration GPU ( float *X, float *Y,
float *AX, float *AY, int N )
{int id = threadlIdx.x + blockIdx.x*blockDim.x;
float ax = 0.£;
float ay = 0.£;
float xx, yy, rr;

e HOU TAPATIENSHBIE SLIMHCTE A

for ( int j = 0; J < N; J ++ )
{ if (3 ' = 1id )
{xx =X [ 31 -X[idl;yy =Y [31-YTI[id];
rr = sgrtf ( xx * xx + yy * yy )~
if (rr > 0.01f ) { rr = 10.f / (rr * rr * rr );
ax + = xx * rr; ay + = yy * rr; }

AX [ id ] = ax; AY [ id ] = ay;



e HOU
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ald uncoalesced
instructions

gld coalesced
branch
divergent branch
gst coalesced
ctz launched
warp serialize
local load

local store

tex cache hit
tex cache miss
gst uncoalesced

g5t coalesced
instructions

gld coalesced
cta launched
gld uncoalesced
branch

gst uncoslesced
divergent branch
warp serialize
local load

local store

tex cache hit
tex cache miss

3apagya N-tea. Bapuanr

“NAPANNENBHBLIE BLIMUCNEHKUA"

LIED) LELCOMPLTING E&R

\RA CENTER

Kernel Acceleration

Profiler Counter Plot
Profiler counters for method - Acceleration:9
0.00% 4.04% 3.08% 12.12% 16.16% 20.20% 24.29% 28.28% 32.32% 36.36% 40.40% 44.44%, 48.48% 52.52% 56.56% 60.60% 64.64% 68.68% T1.72%
0.00% 4.0‘4% 8.0‘8% 12, Ii.Z% 16.2;.6% 20.2‘0% 24.&4% 28.2‘8% 32..%2% 36.3‘»6% 40."‘00% 44.“14% 48."‘08% 52, 5‘2% 56.5:6% 60.6‘0% 64.6‘4% 68.6‘8% ?2.]:'2%
K 1l Positi
Profiler Counter Plot
Profiler counters for method - Position:8
0.00% 2.27% 4,54% 5.81% 9,08% 11.36% 13.63% 15.90% 18.17% 20,44% 22.71% 24,93% 27.25% 29.53% 31.80% 34.07% 36,34% 33.61% 40,33%
T T T T T T T T T T T T T T T T T T
0.00% 2.27% 4,54% 5.81% 9,08% 11.36% 13.63% 15.90% 18.17% 20,44% 22.71% 24,93% 27.25% 29.53% 31.80% 34.07% 36,34% 33.61% 40,33%
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3apaua N-rea. Bapuanr

__global  wvoid Acceleration Shared ( float *X, float *Y, float *AX, float *AY, int N,
int N_block )
{int id = threadIdx.x + blockIdx.x*blockDim.x;
float ax = 0.£f; float ay = 0.£f;
float xx, yy, rr;
float xxx = X [ id ]; float yyy =Y [ id ];
__shared  float Xs [ 256 ]; _ shared float ¥Ys [ 256 ];

e HOU “NAPANNENGHBIE BLIHCAEHS"

ARALLELCOMPLUTING EEARCENTY

for ( int i=0; i< N_block; i++)
{ Xs [ threadIdx.x ] = X [ threadIdx.x + i * blockDim.x ];
Ys [ threadIdx.x ] = Y [ threadIdx.x + i * blockDim.x ];
__syncthreads() ;
for ( int j=0; j < blockDim.x; Jj++)
{if ( ( J + 1 * blockDim.x )!= id )
{xx = Xs [ J]1 - xxx; yy =Y¥s [ j ] - yyy; rr = sqrtf ( xx * xx + yy * yy )/
if (rr > 0.01f ) { rr = 10.f / (rr * rr * rr ); ax + = xx * rr; ay + = yy * rr; }
}
}y //3
__syncthreads() ;
b //i
AX [ id ] = ax; AY [ id ] = ay;
}
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FLCOMPLTINGESRCENTY

Kernel Acceleration Shared

Profiler Counter Plot

Profiler counters for method - Acceleration_Shared: 11
0.00% 4.71% 9.41% 14.12% 18.33% 23.54% 28.24% 32.95% 37.66% 42,36% 47.07% 51.78% 56.49% 61.19% 65.90% 70.61% 75.31% 80.02% 84.73%

instructions
branch
old coalesced

divergent branch
st coalesced
cta launched

ald uncoalesced
gt uncoalesced
warp seriglize
local load

local store

tex cache hit

tex cache miss

T T T T T T T T T T T T T T T T T T
0.00% 4.71% 9.41% 14.12% 18.83% 23.54% 28.249% 32.95% 37.66% 42.36% A7.07% 5L78% 5%.49% 61,19% 63.90% 70.61% 75.31% 80.02% 84.73%

84% uucrpykuum BMecTo 20% B 1 BapmanTe.
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9 Tunsel nmamaru 8 CUDA

HOU “NAPANNENBHBLIE BbIMMCAEHMA"

Twno namaru | Aocryn YpoBeHB CxopocTtb paboThI
BBIACACHHA
Perucrpsr R/W | Per-thread |Bsrcokas(on-chip)
Aokaapmas R/W | Per-thread |Huskas (DRAM)
Shared R/W Per-block | Beicoxkasi(on-chip)
I'Ax0bGanbHas R/W Per-grid | Huskas (DRAM)
Constant R/O Per-grid | Bercoxas(lL1 cache)
Texture R/O Per-grid | [-]Huskaa(DRAM)
[+]L1 cache
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MyasTHTIpOIieccop Tesla

Al Streaming I
Constant$

Instruction Fetch
Shared

. HOU “MAPANNENBHBIE BbIMMCNEHUA"
APPLIED PARALLELCOMPLTING EEARCENTER

negister rie

Double
| Precision
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Texture B 3D

mmn HOLL “NAPANNENBHBIE BLINUCAEHUA"
APPLIED PARALLELCOMPLTING EEARCENTER

* B CUDA ectb Aoctyn k fixed-function HW: Texture Unit

0.66,1
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s HOU “MAPANIENbHBIE BLIMHCAEHNS"

* AareHTHOCTBH 0OABIIIE, YEM Y IIPAMOIO OOPAIIEHUA
B IaMATH

* AOIIOAHUTEABHBIE CTAAN B KOHBEEPE:
* ITpeoOpasosamme aApecoB
* QuapTpanua

* ITpeoOpazoBanme AAHHBIX

* Ho 3aT0 ecTh K3I11

* Pa3yMHO HCIIOAB30BATDH, ECAU:
* OOpbem AaHHBIX He BAe3aeT B shared mmamaTe
* IlarrepH AOCTYIIa XAOTHUYHBII

¢ AaHHbIC HCP@HCHOABSYI—OTCH pa3HbIMI/I ITIOTOKaAMM



W -
Texture B CUDA (cudaArray)

* OcoO»1i1 kouTerHep namaTu: cudaArray

e HOU “MAPANNENBHbIE BLIYMCAEHUS"

* YepHBIN AMIUK AAA IPUAOIKEHUA

* Tlo3sBoaser opranun3oBbsiBarb AaHubie B 1D/ 2D /3D
MACCHUBBI AAHHBIX BHAA:
* 1/2/4 xoMIOHEHTHBIE BEKTOPHI
* 8/16/32 bit signed/unsigned integers
* 32 bit float
* 16 bit tloat (driver API)

* Aoctym rmo cemenucTBy pyHKIIMU
tex1D()/tex2D()/tex3D()



- Texture 8 CUDA gcudaArram

* OcobeHHOCTH TEKCTYP:

* OO6pamuenue x 1D / 2D / 3D maccuBam AAHHBIX TIO:
* JleAOUYHCAEHHBIM MHACKCAM

* HopmaansoBaHHEIM KOOPAHTHATAM
* IIpeoOpa3oBanme aApecoB Ha TPAHUIIAX
¢ Clamp
* Wrap
* DuAbTpPALUA AAHHBIX
* Point
* Linear
* IIpeoOpasoBaHmEe AAHHBIX

* Aamuble MoryT XpanuTbcsa B dpopmate uchard

* Bosspamaemoe snauenne — float4
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Texture 8 CUDA

e HOU “MAPANNIENGHBIE BLIMACAEHUS"

* Hopmaamusarusa KOOpAMHAT:

* OOpairieHrE IO KOOPAMHATAM, KOTOPBIE ACKAT B

anamaszone [0,1]
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Texture 8 CUDA

e HOU "MAPANIENGHBIE BLIMMCAEHUS"

* IIpeoOpasoBaHuE KOOPAMHAT:

¢ KOOPAI/IHHTI)I, KOTOPBIC HE ACKAT B AAITA30HE

[0,1] (mam [w, h])
Clamp

Y. -Koopannara «obpybaeTcs»
it § Lo IO AOTTYCTHMBIM TPAHUIIAM

Wrap

- Koopannara

[1.1,0.3] «3aBOPAYHBACTCS» B

AOITyCTUMBIU AUAITA30H
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e HOU “MAPAENGHBIE BLINHCTEHAS®

* PuApTpanUA:

* Ecau BoI nctoapsyete float KOOpAHHATEL, 9TO
AOAKHO IIPOU3OUTH €CAU KOOPAWHATA HE ITOIAAAET

TOYHO B Zexel?

Point

-bepercs Oamkaiimmit texel
Linear

- buanneiinas duapTpanus

[pubmmsnmest
BOT B 3Ty TOYKY
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e PARALSL COMPUTING K CEvTE

( NTER

* PuAbTpALUA
v

Point
-beperca
] OAIDKAMIIHNI texel
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Texture B CUDA

Linear
-brAnneitnas duapTpanus

P3

(Pr(1-a)+P*(e)) * (1-6) +
(P3*(1-0)+P () *

R
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s HOU “MAPANIENbHBIE BLIMHCAEHNS"

* IIlpeoOpa3zoBaHmEe AAHHBIX:
* cudaReadModeNormalizedFloat :

* VICXOAHBII MACCUB COAEPKUT AAHHBIC B 71teger,
BO3BpAIIlaeMO€E 3HAYCHUE BO floating point IPpeACTABACHUN
(AOCTYIIHBIN AMAITA30H 3HAYECHUN OTOOPAKAETCS B
nurepsaa [0, 1] uan [-1,1])

* Hampumep, snement unsigned 8-bit co smauenmem Oxtf
rieperAeT B 1

* cudaReadModeElementType

* Bosspariaemoe 3HaYEHHE TO KE, YTO U BO BHYTPEHHEM
IPEACTABACHUM
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* MO>KHO UCIIOAB30BATh OOBIYHYIO AHHEHHYFO

ITAMATH

* OrpanunueHus:
* TOABKO AASl OAHOMEPHBIX MACCUBOB
* Her duapTparmm
* AOCTYII IO IEAOYNCACHHBIM KOOPAIHATAM

* OOparreHne MO aAPECY BHE AOIYCTUMOTO
AMAITA30HA BO3BPAIIIACT HOAB
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... Texture 8 CUDA
HOST DEVICE
CUGHATIRY Kernel2<<<,>>>

AN I

cudaBindTextureToArray tex1D

tex2D
tex3D
textureReference
cudaBindTexture

tex1 Dfetch()
g

devPtr Kernel1<<<,>>>




¥ Texture B CUDA (linear

texture<float, 1, cudaReadModeElementType> g TexRef;

__global  void kernell ( float * data )

{
int idx = blockIdx.x * blockDim.x + threadIdx.x;

data [idx] = texlDfetch(g TexRef, idx);



¥ Texture B CUDA (linear

int main(int argc, char ** argv)

{
float *phA = NULL, *phB = NULL, *pdA = NULL, *pdB = NULL;
// -- memory allocation

for (int idx = 0; idx < nThreads * nBlocks; idx++)
phA[idx] = sinf(idx * 2.0f * PI / (nThreads * nBlocks) );

CUDA SAFE CALL( cudaMemcpy ( pdA, phA, nMemSizeInBytes,
cudaMemcpyHostToDevice ) );

CUDA_SAFE CALL( cudaBindTexture (0, g TexRef, pdA, nMemSizeInBytes) );

dim3 threads = dim3( nThreads ) ;
dim3 blocks = dim3( nBlocks ) ;

kernell <<<blocks, threads>>> ( pdB )
CUDA_SAFE CALL( cudaThreadSynchronize() );

CUDA SAFE CALL( cudaMemcpy ( phB, pdB, nMemSizeInBytes,
cudaMemcpyDeviceToHost ) );

// —-- results check & memory release
return O;



¥ Texture B CUDA (cudaArra

texture<float, 2, cudaReadModeElementType> g TexRef;

~_global  wvoid kernel ( float * data )

{
int idx = blockIdx.x * blockDim.x + threadIdx.x;

data [idx + blockIdx.y * gridDim.x * blockDim.x] =
tex2D (g _TexRef, idx, blockldx.y);



¥ Texture B CUDA (cudaArra

LTINS

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

{
float *phA = NULL, *phB = NULL, *pdB = NULL;
cudaArray * paA = NULL;

cudaChannelFormatDesc cfDesc = cudaCreateChannelDesc (32, 0, 0, O,
cudaChannelFormatKindFloat) ;
cudaMallocArray (&paA, &cfDesc, nBlocksX * nThreads, nBlocksY) ;

for (int idx = 0; idx < nThreads * nBlocksX; idx++) {
phA[idx] = sinf(idx * 2.0f * PI / (nThreads * nBlocksX) );
phA[idx + nThreads * nBlocksX] = cosf(idx * 2.0f * PI / (nThreads * nBlocksX) );

cudaMemcpyToArray ( paA, 0, 0, phA, nMemSizeInBytes, cudaMemcpyHostToDevice ) ;
cudaBindTextureToArray (g_TexRef, pal);

dim3 threads dim3 ( nThreads ) ;
dim3 blocks = dim3( nBlocksX, nBlocksY );

kernel<<<blocks, threads>>> ( pdB )
cudaThreadSynchronize () ;

cudaMemcpy ( phB, pdB, nMemSizeInBytes, cudaMemcpyDeviceToHost ) ;

return 0O;

}




2D NuTeprioaarusa

e HOU TAPATIENSHBIE SLIMHCTE A

texture<float, cudaTextureType2D, cudaReadModeElementType> texRef;

__global  void transformKernel (float* output, int width, int height,
float theta)

{

unsigned int x = blockIdx.x * blockDim.x + threadIdx.x;
unsigned int y = blockIdx.y * blockDim.y + threadIdx.y;
float u = x / (float)width;

float v =y / (float)height;

|
o
o
Fh

a -=
v —=

float tu = u * cosf(theta) - v * sinf(theta) + 0.5f;
float tv = v * cosf(theta) + u * sinf (theta) + 0.5f;

|
o
o
Fh

output[y * width + x] = tex2D (texRef, tu, tv);
}
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e HOU “MAPANIENLHBIE BLIYACAENHS"

int main()

{

cudaChannelFormatDesc channelDesc =

cudaCreateChannelDesc (32, 0, 0, 0, cudaChannelFormatKindFloat)
cudaArray* culArray;

cudaMallocArray (&cuArray, &channelDesc, width, height);

cudaMemcpyToArray (cuArray, 0, 0, h_data, size, cudaMemcpyHostToDevice) ;

texRef.addressMode[0] = cudaAddressModeWrap;
texRef.addressMode[1l] = cudaAddressModeWrap;
texRef.filterMode = cudaFilterModeLinear;
texRef .normalized = true;

cudaBindTextureToArray (texRef, cuArray, channelDesc) ;

float* output;
cudaMalloc (&output, width * height * sizeof(float));

dim3 dimBlock (16, 16);
dim3 dimGrid((width + dimBlock.x - 1) / dimBlock.x, (height + dimBlock.y - 1) / dimBlock.y);
transformKernel<<<dimGrid, dimBlock>>>(output, width, height, angle) ;

cudaFreeArray (cuArray) ;
cudaFree (output) ;

}



texture<float, 1, cudaReadModeElementType> ARef;
texture<float, 1, cudaReadModeElementType> FRef;
texture<float, 1, cudaReadModeElementType> XORef;
texture<float, 1, cudaReadModeElementType> X1Ref;

-
o Pemieaue CAAY. BaEI/IaHT 3

global void Solve ( float *dA, float *dF, float *dX0, float

~ *dX1, int N)

float sum = 0.0f;

float aa, AA;

int t = blockIdx.x * blockDim.x + threadIdx.x;
int j;

float x0 = texlDfetch( XORef, t );

for ( j =0; jJ <N; j++ ) {AA = texlDfetch( ARef, t+j*N );
sum+=AA*texlDfetch ( XORef,

if( j ==t ) aa = AA;
}
dX1l[t] = x0 + ( texlDfetch( FRef, t) — sum ) / aa;

J )




