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[Ilpouecc onTMumMmmM3aumm

\

o Onpeaenaem 4TO OrpaHMYMBaAET NPOU3BOAMUTE/IBHOCTD

[ponycKHasA cnocobHOCTb NamATH (memory
bandwidth)

McnosHeHne uHCTpyKumii (instruction throughput)
3apgeprkka (latency)
KombuHauum

« Nccneagyem orpaHnunTeIM B nopAaAKe BaXKHOCTU

Hacko/bKo 3¢ pekTnBHO paboTaeT
AHa/I13 1 HaXOXAeHne BO3MOXHbIX Npob/iem
[lpMMeHeHue onTUMmM3aLum



[I[poduAnpoBaHue

\

o clock tclock()- cyeTumk, KOTOPbLIN YBEANUMBAETCA C KaXKAbIM
TakTtom GPU

—~  Pa3HOCTb 3Ha4YeHWM B Hava/1e U KOHUe Aapa —
KO/IMYEeCTBO TaKTOB, 3aTpaveHHbIX GPU Ha Bbino/HeHME
notoka. HE MPOBEAEHHOE B ncno/siHeHMu noTokKa.

o [lepemMeHHble OKpYKeHUA
- CUDA PROFILE=1
- CUDA PROFILE_LOG
- CUDA_PROFILE_CONFIG



[IpoduinpoBaHue.

Pann KOHPUrypaumm

‘\

timestamp
* gridsize

* threadblocksize

* dynsmemperblock
* stasmemperblock
* regperthread

* memtransferdir

* memtransfersize
* streamid



[IpoduMpoBaHme.

daiin koHourypauum (CUDA 2.3)

+ gld_incoherent

+ gld coherent

* gld 32b/gst 32b
* gld 64b/[gst 62b
« gld 128b [ gst 128b
+ gld request

* gst_incoherent

* gst_coherent

* gst request

* * % X X X * X X *

-

local load

local store
branch

divergent branch
instructions
warp_serialize
cta_launched
gputime

cputime
occupancy



[IpoduampoBaHue. BoiBOA

e

method, gputime, cputime, occupancy

method=[ memcopy ] gputime=[ 5519.680

method=[ memcopy ] gputime=[ 5516.992

method=[ memcopy ] gputime=[ 5517.728

method=[ memcopy ] gputime=[ 5508.288
[

'—hl_ll_ll_ll_l

method=[  globfunc 7Z10depth maskPfS fii ] gputime=[ 1791.424 ] cputime=[ 14.000 ]
occupancy=[ 0.812 ]
method=[  globfunc Z10depth maskPfS fii ] gputime=[ 1769.920 ] cputime=[ 2.000 ]
occupancy=[ 0.812 ]
method=[  globfunc Z9transposePfS 11 ] gputime=[ 1598.336 ] cputime=[ 2.000 ]
occupancy=[ 0.812 ]
method=[  globfunc ZlZ2Invariants XPfS S S S S S 11 ] gputime=[ 5061.920 ]
cputime=[ 3.000 ] occupancy=[ 0.812 ]
method=[ globfunc Z7SWater PfS S S S S £fS S S ii ] gputime=[ 10506.752 ]
cputime=[ 2.000 ] occupancy=[ 0.406 ]
method=[  globfunc Z9transposePfS 11 ] gputime=[ 1599.776 ] cputime=[ 2.000 ]
occupancy=[ 0.812 ]
method=[  globfunc Z9transposePfS 11 ] gputime=[ 1613.472 ] cputime=[ 1.000 ]
occupancy=[ 0.812 ]
method=[  globfunc Z9transposePfS 11 ] gputime=[ 1609.056 ] cputime=[ 2.000 ]

occupancy=[ 0.812 ]



[lpoduanposLLnK cudaprof
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- Session3

Summary Plot

GPU Time [ Total )

- Device_0 0.00% 10.41% 20.82% 31.23% 41.64%
- Sessiond

" Device 0 SWater_ (200
= Sessions transpose [ 200 )

Ime2 (100

=) Sessions I3 (100 )
‘... Device_0 Rlrv (107}
= Session¥ memcopy [ 12

Fiesize (10 0197239
Inv1 (1

depth_mask (21

= Sessiond
‘.. Device_0
- Sessiond

5 FEG1e+08 2795 00736237

14 0,0434358
LLCLORCEEREEEEEEEEDLS
Session10 - Device_0 : Profiler table column ‘warp serialize’ having all 2ere values is hidden.

0,0434348

00422327

Profiler counter gld_32/64/1 280" required for global memary throughput calculations s not available.

0,0453523

i e Device_0

5. Sessions lrmet i 284822 0,13 0,0452759
- Devics_0 depth_mask 2 21488 2 0.1 0,0248365
=8 Sessiond

Profiler counter 'gld_32/64/125b' required for global memery throughput calculations is not available.

Frofiler counter 'gld_32/84/1 28b' required for global memeory throughput calculations iz not available.



Computerprof (CUDA 4.0

@ convolutionColumnsKernel analysis - [Sessiond - Device 0 - Context 0]
File View

* [lepecmoOTpeH
MHTeppenc
No/1b30BaTe /1A

* [/lobaB/ieHO

* AHA/IMTUKA U
pekomeHaaumMm no

Koay

* OnpegeneHue
OrpaHUYMBAKOLLNX
$haKToOpOB

lam Thmt Malysisr Vforlvemdr 7mwhﬂon€ow ol urmr ice GeForce GTX 480 -

Dwergmtbrandu(%) 0.00
°Contfd Sow dvergence(%%): 0.03
Replayed Instructons(%): 29.65
Global memory replay(%): 0.00
Local memory replays(3): 0.00
Shared bank conflict replay(%h): 26.38
* Shared memory bank confiict per shared memory instruction(%): 99.90

Hint(s) 8

* The kernel is compute bound, o reduce instruction count
oUndarstand the nstruction mix, 85 sngie precison floating point, double predision floating pont, int, mem,
franscendentals, etc, have different throughouts, Use double predision arithmetic only when required (€.,
floating point hterals without an f suffix ( 34.7 ) are nterpreted as double preasion as per C standard);
oTry using arithmetic ntrnsic funcons,
oTry using compiler flags(-fiz=true, prec-dv=false, precsart=Ffalse etc) to get higher performance, but may
result in some predision loss;
R';fermme “Arithmetic Instructions” section n the ‘Performance Guidelnes” chapter of the CUDA € Programming Guide
more detals,
* Shared memory bank conflicts are high which causes serialzation of threads withn a warp, Shared memary bank
conficts can be reduced by =

O%Whm&m&&umwnﬂwwnwtwwhomm&b&ma
ent

©Rearrangng data in shared memary, thus changng access
Refer to the "Shared Memory” mnuwmm d\aourofumcvrogm&ndef«

more detads,
Factors that may affect analysis
|| Show al coksmns
Limiting Factor . %
Identfication GPU Timestamp (us) GPU Time (us) shared load shared store £l
B Type:SM Run:d Type:SM Run:d }B"
Memory Throughput | 1 38718 165256 334560 24600 L3
Y 2 419898 165286 334560 24600
nstructon throughput| 3 45074 165293 334560 24600
; |4 470249 165296 334560 24600
5 4954139 1653.09 334560 24600
m“m < L‘L"‘!T‘ ACENIC aNATEn Neonn Y
€ Laalil o »




File Wiew Run Help

ErCILEREEEEEY

) *Mew Session 52

475 5
1

S MemCpy (DtoH)

SF MemCpy (DtaD)

[=] compute
S 12.0% [100] swlat_do(double®, d...
S 12.4% [100] swlon_doidouble®, d...

T 4.7% [100] Inv2(double®, doublex. .|
SF 4.7% [100] Invlidouble®, double®...
S 2.3% [100] Invlr(double®, double...
SF 3.3% [100] Inv2ridouble®, double...

145515 ms

B Properies £5. W Detad rophs

swlon_dol double*, double¥*, double*, double¥, doubl

Duration 13181 ms
Grid Size [182,120,1]
Block Size [18181]
Registers/Thread 45

Shared Mearmory/Block 11.25 KB

= Qccupancy

Theoretical 16. 7% ﬂl

-Analysis =3 ﬂ Details| B Consale . Settings

= 0O

-Analysis Results

. Reset All | l Analyze All |

Low Compute Liilization [ 4.412 s/ 10.653 s = 41.4% ]

The rmultiprocessors of one or more GPUs are mosthy idle.

Multiprocessor

Low Memcpy/Compute Overlap[ Ons/ 1.888s= 0% ]

The percentage of time when mermcpy is being performed in parallel with compute is low.

Kernel Memory

Low Memcpy Throughput [ 1.56 GB/s avg, for memcpys accounting for 99,.9% of all memcpy time ]

The memoery copies are not fully using the available host te device bandwidth.

Kernel Instruction

Low Memcpy Overlap [ 0 ns/ 188.41 ms = 0% ]

The percentage of time when two mermory copies are being performed in parallel is low.




NVIDIA Parallel Nsight

al Studio (Administrator)

Tools  Test Window Help

File Edit View Project Build Debug Nsight
Henl ]9 -0 - 55| b [Debug - [winz2 -|| @ nreps =R e B SR
RGP B mae o B E S B @ a5 (Ee s B 20P3anan Rl

Process: [6600] GPU - matrixMul.e ~ Thread: [13188816] <MNo Name> ~ v Eﬂack Frame: Module: 13238048 - [0] _Z9n - =

b s

H =] | Process: | v| {8 No Graphics Context Facus Point | 00 ‘ 2% 4x Bx 16x | Yo W e e 12 o ‘ B | CUDA (4,00, (14,0,0)| _
i 7kemd.u|} - X |Nsight CUDA Device Summary -1 x ‘
/f Btep size used to iterate through the sub-matrices of A Name Details
int aStep = BLOCK_SIZE: = O Devices -
B Device 0
/f Index of the first sub-matrix of B processed by the block c 13188816 Device D
int bBegin = BLOCK_SIZE * bx; =  Context svies c
4% Module 13238048 c:/ProgramData/NVIDIA Nsight 1.0/Samples/CUDA/Debugging/Matrix Multiply/matrixMul.cu
// Step size used to iterate through the sub-matrices of B # Grid 16 _Z9matrixMulPfS_S_ii<<<(8,5),(16,16,1), 0>>>
int bStep = BLOCK_SIZE * wB; = & Block 0{0.0.0} Wwarp Mask: 0x000000FF
& Warp 0{0.0.0} Active Mask: OxFFFFFFFF, PC: 0x000024B0. matrixmul_kemel.cu:91
// Csub is used to store the element of the blog . . .
£ Warp1{0.2.0 Active Mask: 0xFFFFFFFF, PC: 0x000024B0, matrixmul_kemel.cu:91
// that is computed by the thread o NVIDIA Parallel Nsight - CUDA Focus Picker arp 14 ! . as me ) uiemeleu
float Csub = 0: £ Warp 2{0.4.0} Active Mask: 0xFFFFFFFF, PC: 0x000024B0. matrixmul_kemnel cu:91
Dimensions & Warp 3{0.6.0} Active Mask: 0xFFFFFFFF, PC: 0x000024B0. matrixmul_kemel.cu:91
// Loop over all the sub-matrices of A and B Tt T nEa £ Warp 4 {0.8.0} Active Mask: 0xFFFFFFFF, PC: 0x000024B0, matrixmul_kemel.cu:91
. . ach L0, 5, - .
// required to compute the block sub-matrix = \warp5{0.10.0} Active Mask: 0xFEFFEFFE, PC: 0x000024B0, matrixmul_kemel cu-91
< for (int a = aBegln, b = biegin; Thread: 14,0,0 16,16,1 B Wap6{0.120  Active Mask: OxFFFFFFFF. PC: (x000024B0. matrixmul_kemel.cu:91
<= aEnd; - .
2 = = Warp 7{0.14.0} Active Mask: 0xFFFFFFFF, PC: 0x000024B0, matrixmul_kernel.cu:91
a += aStep, b += bStep) { (1) Examples
#129 for block index 129 & Block 1{1.0.0} Warp Mask: 0x000000FF
// Declaration of the shared memory array AS 10 for coordinates 10, 0 & Warp 0{0.0.0} Active Mask: 0xFFFFFFFF. PC: 0x000024B0. matrixmul_kernel.cu:91
// store the sub-matrix of L 10, 5 for coordinates 10, 5 = Warp11{0.2.0} Active Mask: 0xFFFFFFFF, PC: 0x000024B0, matrixmul_kernel.cu:91
_ shared  float As[BLOCK SIZE] [BLCCK SIZE]: £ Warp 2 {0.4.0} Active Mask: 0xFFFFFFFF, PC: 0x000024B0, matrixmul_kernel.cu:91
Pl i & Warp 3 {0.6.0} Active Mask: OxFFFFFFFF, PC: 0x000024B0. matrixmul_kemel.cu:91
= Warnd N80 Artive Mask (WEEFFEFFE P MeNDNN24RN matriveanl karmeal ~e01
Memory 1 - 1 x
Address; 0:0011300 - {2} | Columns: Auto - || | Name | value Type -
0x00113C48 0.17999817 0.34229582 0.18735313 0.81136816 gRe> A >€U?>.4.7 - @ hlnddd_" D=4, y=0,2=0} “’"St“?’“
0x00113C58 0.89681631 0.36292613 0.51283306 0.67171240 E.e?ol.>_I.7K8+? @ blockDim =16,y=16z=1} const dim
0x00113C68 0.10832056 0.336613917 0.63341105 0.030274361 . .B=¥¥->cfl2d.e< @ aridDim x=8y=5z=1 const dim —
0x00113C78 0.71721548 0.30536821 0.86307580 0.8627093% ©.729¥e>.{~2.c"? @a ) int
0x00113C88 0.2718853% 0.53353069 0.60215121 0.33423871 .5.>E(n?4).7Vie> @b ” int
0x00113C38 0.32767725 0.067171238 0.32343619 0.7271333% DAS>.'.=K;¥>ti:? @ bx Py int
0x00113CAS 0.70702231 0.56353748 0.95175022 0.26630452 J§47sH.2¢¥s2.¥"> b B nt
0x00113CB& 0.32783087 0.46266061 0.55346234 0.61482530 Y ~
0x00113CC8 0.75228125 0.30661335 0.72533131 0.94653159 @ b @ int
0x00113CD8 0.11154515 0.048829615 0.75274881 0.83474225 @ty 0 int
0x00113CER 0.56514174 0.2723575% 0.54741048 0.74453088 1-.2.A.> §.7}.>? @ aBegin 0 int
0x00113CFE 0.94851530 0.87363498 0.17007965 0.41016877 afizr?hsar . >n 0> @ aEnd 47 int
0x00113D08 0.76705223 0.73012483 0.44433002 0.87749865 .1D?vé A [ & aStep 16 int =
0x00113D18 0.15171728 0.88436538 0.5724417% 0.45457371 .GD>heb?afiniGmi> & bBegin a4 int
0x00113D28 0.21298867 0.7€350820 0.81023532 083218084 ©.2>..CIVROIDX!I?  bStep 2048 int
0x00113D38 0.60327153 0.87200534 0.43308815 0.40888175 8i1.2.;_%».¥>elfi> & Cab o fost
0x00113D48 0.88598287 060106206 0.43745232 0.21317180 B X
0x00113D58 0.8415173% 0.15382646 0.88518935 0.29630420 TmH2E.#A.b2/p—> wc s int )
0x00113D68 0.31855230 0.150587832 0.€3882514 0.21524705 O¥j74l.>ec2?.il> @ C 0x00119c00 0 __device,
0x00113D78 0.38234014 0.82775354 0.33581683 0.4143457% = [27gS7.8.7 80> A 0x00110000 0.2010884% __ device
0x00113D88 0.72753181 0.57005525 0.83812982 0.72115237 uC:?$i.7-.V2q.8? @B 0x00113¢00 0.80645162 __device |
0x00113D398 0.28331546 0.59645373 0.14335759 0.0400057€7 (17>l 226 >Ha#= @ wh 45 _ shared
0x00113DAS 0.30326244 0.4571377% 0.41587573 0.024109622 7E.>0.&»3id> A< @ e 128 chared
0x00113DB& 0.0097964415 0.33207130 0.85580983 0.00€9287387 A. <T.2»Ege?i.&; il - |
[51 Memory 1 [ Breskpoints [ Call Stack [;] Comman... [=]immediat... [#&Thread Da.. @Tmad Da... [ 5] Output [ Pending C... | [ Autos| 5] Locals | ]Watch 1 [&] Solution Explorer

Ready



NSight Eclipse Edition

vB & HY Ry @ ] Qv Qv } & v ] MRS SRR J= & | Viper F@C/C++ 3Debug
- S - = 5 ~
© *diverge.vp % \\ = % W Detail Graphsl =g
BayQy Q@ & ol
\ 0.045 5 0.055 0.055 s 0.06 5 0.0/ VecThen(int*, int*, int*, int)
[= Process: 31954
[=l Thread: -1314150624 m !
Runtime API | cudaMemcpyAsync End 53.615 ms
Dfiver axt Duration 2342 ms
Profiling Overhead ] Grid Size [256,1,1]
[=] [0] GeForce GTX 480 Blocne pEo
[= Context 1 (CUDA) OC_ ize [256,1,1]
¥ MemCpy (HtoD) Il Registers/Thread 11
¥ MemCpy (DtoH) Shared Memory/Block 0 bytes
& compute (- =~ Memory
¥ 58.5% [4] Veclof32x(int*, i.. i . . Global Load Efficiency 99.1%
1 10.3% [4] Veclof32(int*, in... : Global Store Efficiency 100%
T 12.6% [4] Vec50(int, int*, ... | | ] S GeGiinanG
T 11.8% [4] VecThen(int, int... I 1 1 Pelry .
T 6.8% [4] Vec320f32(int*, in... | | | Theoretical ) 100%
Y 0.0% [4] VecEmpty({void) | | | | - L1 Cache Configuration
[=l Streams Shared Memory Requeste¢ 48 KB
Stream 1 1 il il Shared Memory Executed| 48 KB
< T y >
7 5 S
W Analysis 2 Details‘ & Console = (=]
Scope Results
@ Analyze Entire Application Low Global Memory Load Efficiency [ 9% avg, for kernels accounting for 75.6% of compute ]
Analyze Kemel (select in timeline) " Global memory loads may have a poor access pattemn, leading to inefficient use of global memory bandwidth. More...
Stages Low Global Memory Store Efficiency [ 21.3% avg, for kernels accounting for 73.9% of compute ]
= ws Global memory stores may have a poor access pattemn, leading to inefficient use of global memory bandwidth. More...
Timeline (V] ‘
Multiprocessor




AHa/ M3 oT4eTa O NPOoPU/IMPOBAHUMA
\

* 3HA4YeHUe UMeeT He LMPpbl, @ UX MPpUpaLLEeHne U
OTHOLLIEHUE.

* [lnA Agep Hago CTPEMUTBCA YTODObI CTPEMU/INCE K HY/IKO
Hernoc/seaoBaTe/IbHOe obpalleHne K NaMATH
(gld_incoherent, gld _coherent, gst_incoherent,
gst coherent)



ApudmMeTUKa U1 MamATb
\

* ONTUMa/ZIbHOE COOTHOLLUEHME MHCTPYKUMK:banTbl 4414 Tesla
C2050:
* ~3.6 : 1, float, npm BkAroueHHom ECC
* ~4.5 :1, float, npu BbIkAtO4eHHOM ECC
* Mcno/1b30BaHMe CHETYUKOB
# 32%instructions_issued (+1 Ha Bapn)

# 128B*(global_store transaction+11_global load miss) (+1 Ha
0AHY /MHUIO L1)

* B BEpCMM 4.0 U1 BbllLe OrpaHMyuTe /b OnpejensaeTca
aBTOMATUYECKU




AHa/IM3 UHCTPYKL UM

\

# CHETYMKM NpoPUAMpoBLLMKA (Ha Bapn)
* instructions executed: CKO/IbKO MHCTPYKUMIA
MCNO/THUAOCH
* instructions issued: BKAKOYaA cepuaimsaymio

* PasHuua mexay HUMm —npo6/1embl C cepuanmsaymen,
MPOMaxM K3La

* CpaBHMBAEM C XapaKTepUCTUKaMM YCTPOMUCTBA
* CM. MakcumMmym B Programming Guide naum Visual Profiler

# Fermi: IPC (MHCTPYKUUI B TaKT)




*

*

*

*

Cepuannsayua

\

AviBepreHuua Bapnos
*  CyeTumku: divergent branch, branch
*  OnpegenAem CKO/IbKO NPOLLEeHTOB ANBEPreHTHbIX
KOH®/MKTbI 6aHKOB pa3genaeMon namaT
* CYETUYMKU
* |1_shared bank conflict,
* shared load, shared_store
KOH®MKTbI 6aHKOB CyLLLeCTBEHHbI, eC/1M 06a yC/10BUA BbINO/IHEHbI
# 11_shared bank conflict >> (shared load+ shared store)
* [1_shared bank conflict >> instructions_issued

ABTOMATU4YECKMUM aHa/N3 B 4.0 U BblLLIE



COUA/IMHT PErMcTpoB

\

* Korga goCTUrHyT npeaen AOCTYMHbIX PErMCTPOB, KOMMUAATOP
HaYMHAeT UCNO/1b30BaThb /I0KA/IbHYO NAMATb (CMMA/INHT)
* Ha Ferminpegen 63 perncrpa
* [lpegen MOXKHO yKa3aTb BPYYHYHO

* /lOKa/ZbHaA NamMATb paboTaeT KaK rnob6asbHaA, TO/IbKO 3anuchb
KawmpyeTca B L1

* lNonagaHue B L1 —no4ytn 6ecniatHo
* lpomax B L1 -3anpoc u3 raobanbHon, 128B 3a npomax

*  ®aar —ptxas-options=—v nokasbiBaeT UCMNO/Ib30BaHNE PErNCTPOB U
/IOKa/IbHOW MaMATU HA OAHY HUTb

* BO3MOXHOE B/IMAHUE Ha NPOU3BOAUTE/IBHOCTb
*  [lONO/IHUTE/IbHbIN TPAadUK Yepes LUMHY NaMATH
*  [lonO/IHUTEe/IbHble MHCTPYKLUK
* He Bcerga npobaema




COU/IZIMHE PErncTpoOB
o

* Cyetumkm: I1_local load hit, I1_local load miss
*  B/IMAHME HA YNCN10 UHCTPYKLUM
* CpaBHWUTb C OOLLIMM YUC/IOM UHCTPYKL MM

* B/IMAHME Ha NPOMYCKHYIO CMOCOBHOCTb NaMATH
* [pomaxu gobaBaAoT 128B 3a Bapn

* CpaBHUTb 2*[1_local load miss ¢ obpaleHmnammu K robasnbHoOM
namsaTu (YTEHME + 3aMnCb)

* YMHOXaeM Ha 2, T.K. Ka)-l-(ﬂ,bll‘/'l NMPpOMaXx BbITECHAET K3 /IMHUKO —
AONO/IHNTE/IbHAA 3alUCb Hepe3 LUNHY

* Ecim Kaw L1 BKAKOYEH — CpaBHUBAEM C npomaxamm L1
* Ec/m Kaw L1 BbIKAKOYEH — CpaBHMBAaEM CO BCEMU YTEHUAMMU



CUDA Occupancy calculator
Just follow steps 1, 2, and 3 below! (or click here for help)

Physical Limits for GPU:

Threads / Warp

Warps / Multiprocessor

Threads / Multiprocessor

Thread Blocks / Multiprocessor

Total # of 32-bit registers / Multiprocess| ) ) —

Shared Memory / Multiprocessor (bytes)(Don't edit anything below this line)

Allocation Per Thread Block 3.) GPU Occupancy Data is displayed here and in the graphs:

E‘f@@ Active Threads per Multiprocessor 768

Dedislers Active Warps per Multiprocessor 24

Shared Memory : .

These dala are Used T computing the ol ~ctive Thread Blocks per Multiprocessor 3
Occupancy of each Multiprocessor 75%

Maximum Thread Blocks Per Multiprocessor Blocks

Limited by Max Warps / Multiprocessor 4

Limited by Registers / Multiprocessor 3

Limited by Shared Memory / Multiprocessor 32

Thread Block Limit Per Multiprocessor highlighted RED



CUDA Occupancy calculator

Varying Block Size

Varying Register Count

Muliprocessor
Warp Occupancy
=
(=1

12 16 20 24 28 32
Registers Per Thread




\

* OBbpaboTKa UHCTPYKL MM
* YTeHue onepaHA OB
* BbINO/IHEHWE UHCTPYKLUU
* COXpaHeHue pe3y/bTaTta

* [lnA onTUMu3auuu
* Mcnonb3oBaTtb 60/1ee ObICTPpble MHCTPYKLUUY
* MWHUMMM3MPOBATb 3a4EPKKU Ha ObpalLlleHme K MamMATH

* 10 MAaKCUMYMY MCMO/1b30BaTb MPOMYCKHYO CMOCOOHOCTb
LLUMH AQHHbIX



NCrnosHeHne MHCTPYKL KUK

\

* ApUpmeTHnyeCcKune onepauum

* 4 TakTa gna FMUL, FADD, FMAD IADD, buHapHbie onepauuu,
cpaBHeHue, MIN, MAX, npuBegeHue TUNOB

* 16 TakTOB an1A _ log, 1/sqrt, IMUL, 1/(float)x
* 32 TakTtagaasqrt, sin,  cos, exp
* 36 TaKTa gna FDIV
# 20 TakToB A _ fdividef(x, y)
* [10MO/IHUTE/IbHbIE OMNUUU KOMMNUAATOPA:
* -ftz=true
* -prec-div=false
* -prec-sqrt=false




YC/10BHbIE NepexoAabl
——

* Ec/iM B Bapne eCTb ABe BETBU UCMO/IHEHUA (YC/IOBHbIN
nepexos), TO CHa4yana UCMO/HATCA MOTOKU, KOTOPble
MpOXOAAT OAHY BETBb, 3aTEM MOTOKMU, KOTOPbIE
MPOXOAAT BTOPYHO.

* MWHUMU3NPOBATb KO/IMYECTBO BETB/1I€HUU. B
4YaCTHOCTU BHYTpU Bapna. Hanpumep 3a c4yeTr
npeABbl4UC/IEHUN NN MePeyNnOPAAOYNBAHUA HUTEN.




A0CTyn K NaMATH
——

* 4 TakTa Ha 0OpabOoTKy O4HOM MHCTPYKLMK NO paboTe ¢
namATbio (pa3gensemast, KOHCTaHTHaA®, TeKCTypbI¥).

* 400-600 TAKTOB 3a4€pXKa No AOCTyNny K rn106as1bHOM
NamATH

* MeTog paboThl:

* 3arpy3uTb gaHHble U3 r106a/1bHOM NAaMATU B
pa3sgenaemyto (4epes TeKCTypbl)

* ObpaboTaTb AaHHbIE
* BbIrpy3uTb B r/106a/16HYHO

* - eCInn HET NMPOMaxoB Mo KaLly
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AOCTyn K NaMATH

\

Mcnoab3ynte cudaMalloPitch Bmecto cudaMalloc, ecam
ABYMeEPHbIM MaCCUB

Ncnonb3ymmTte cudaMallocArray ana 2D v 3D maccuBoB

Mcnosb3ynTe page-locked namATb
# cudaHostAlloc(), cudaFreeHost(), cudaHostRegister(),

MCnonb3ynuTe TeKCTypbl
Ucnosb3yiTe noBepxHoctu (CUDA 4.0)



L1 —Kk3wmnpoBaHue n pasmep (Fermi)

*

*

*

\

/iBa BapuaHTa:

* L1 BK/AKOYEH
# [o-ymonyanuto (onuma -Xptxas —dlcm=ca)
* Pazmep TpaH3aKkuum c namATbiO 128B
* L1 BbIK/KOYEH
* Onuma —Xptxas —dlcm=cg
* Pasmep TpaH3aKuuu C NnamATbio 32B
Boibopa pasmepa L1/SMEM
* 16KB L1, 48KB SMEM mnan 48KB L1, 16KB SMEM

BoizoB CUDA

KaK ncno/1b30BaTb
# [MonpoboBaTtb Bce 4 BapuaHTa (CA, CG) x(16, 48)




[lapasnsenbHOe UCno/IHeEHUEe Aaaep

\

* BO3MOMHO ec/u:

* YCTPOMCTBO C BbIYUC/IUTE/IbHBIMU BO3MOMXKHOCTAMM
(computer compatibility) Bbie nam paBHo 2.0

* CBOMCTBO concurrentKernels yctponcTea =1
* Hapa 13 04HOro KOHTEKCTa

* MaKcMmaibHOE KO/IM4YeCTBO napa/i/ie/IbHO
MCMNO/IHAEMbIX Aaep 16



[lepeaada AaHHbIX HA/C YCTPOMCTBA

\

* CKOPOCTb KOMMPOBAHMA Ha YCTPOUCTBE BblLLIE, YEM MEXAY
XOCTOM U YCTPOUCTBOM

* PeKOMeH,ﬂ,yeTCFI HE BbIFPY*aATb AdHHbIE, d 3daNyCTUTb A4PO C
Ma/lbiIM YPOBHEM Trapa/i/zie/in3mMa, €C/i1 3TO BO3SMOKHO.

# Ha XocTe BblgenAaTb namaATb ¢ nomolubto cudaMallocHost()
* Page-locked memory
+ CoBMeLaTb Nepeaayy AaHHbIX C BbIYMC/IEHUAMM.

+ CoBMeLLaTb Nepeaayvy C YCTPOUCTBA C nNepeagadyen AaHHbIX
Ha yCTPOMCTBO.



[lapasnsenbHana nepegaya gaHHbIX

\

* OgHOBpPEMeHHOoe ABYHarnpas/ieHHOEe KONMMpOoBaHue
AAHHbIX BO3MOXHO eC/1u:

* Mcnosb3syeTtca page-locked namATb

* YCTPOUCTBO C BbIMUC/IUTE/IbHBIMU BO3SMOXKHOCTAMM
(computer compatibility) Bbile nan paBHo 2.0

+ CBoucTBO asyncEngineCount yctponcrsa = 2



RonnpoBaHue gaHHbiX mexxay GPU

CUDA 3.2

cudaMemcpy(Host, GPU1);
cudaMemcpy(GPU2, Host);

\

CUDA 4.0
cudaMemcpy(GPU1, GPU2);

MOHO KaK YnTaTb TaK U
MMCaTb B NaMATb.

[logaepKrBaeTcAa TO/NbKO
Ha Tesla 20xx (Fermi)

64-61THbIE NPUNOXKEHUA



CoBmMelleHne nepegadm AaHHbIX C

BbIHNC/TIEHNAMMU

\

* BO3IMOMHO ec/u:

* YCTPOMCTBO C BbIYUC/IUTE/IbHbIMU BO3MOMXKHOCTAMM
(computer compatibility) Bbiwwe 1.1

* CBomncTBO asyncEngineCount yctponcrsa > 0
* He nogaep*uBaeTtcd, eC/iM B KONMPOBaHWE BOB/1I€YEHDI

maccubl (CUDA Arrays) nam 2D MaccmBbl, Bblge/leHHble
yepes cudaMallocPitch

* MoxkeT 6/10KMpOBaTbCA MEPEeMEHHON OKPYKEHUSA
CUDA LAUNCH BLOCKING, ycTaHOB/1€HHOM B 1



Ancnetyepusauma NOTOKOB

_‘

Fermi umeet 3 ouepeau UCno/iHeHUA
* 1 BblMMC/IUTE/IbHAA
* 2 04epean KonuposaHua — ogHa a4na H2D v ogHa as1a D2H

Onepayun CUDA oTnpaBAAOTCA Ha UCMO/IHEHUE B TOM
noc/i1e40BaTe/IbHOCTU B KOTOPOM 06 bAB/IEHDI

* [lomeLlatoTcA B COOTBETCTBYHOLLME o4Yepesun

#  Onepauum B O4HOM MOTOKE 3aBUCUMbI U HE3ABUCUMbI MEXKAY
ovepeaAMHU

CUDA onepauua cTaBUTCA Ha BbINMO/IHEHUE B ovepeab ec/u:

*  [IpegluecTBYIOLLLAA ONepaLmaA B TOM XKe o4epesm 3aBepLueHa,

*  3aBepLUeHa onepaumsa B COOTBETCTBYIOLWEN O4epeAn UCMO/THEHUA

* ECTb pecypchl

CUDA agpa ncno/HATCA napan/ie/ibHO TO/IbKO U3 pa3HbIX MOTOKOB

* [locTaB/eHHble NOC/1e40BaTE/IbHO B 04epeab Aapa 6/10KUPYIOT agpyrue
ovepeam
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for (int 1 = 0; 1 < 3; ++1)
cudaMemcpyAsync (1nputDevPtr + 1 * size,

hostPtr + 1 * size, size,
cudaMemcpyHostToDevice, stream[i]);

for (int 1 = 0; 1 < 3; ++1)
MyKernel<<<size/512, 512, 0, stream[i]>>>
(outputDevPtr + 1 * size,
inputDevPtr + 1 * size, size);

for (int 1 = 0; 1 < 3; ++1)
cudaMemcpyAsync (hostPtr + 1 * size,
outputDevPtr + i1 * size, size,
cudaMemcpyDeviceToHost, stream[i]);



‘\

for(int 1=0; 1 < 3; ++1) {
cudaMemcpyAsync (1nputDevPtr + 1 * size,

hostPtr + 1 * size, size,
cudaMemcpyHostToDevice, stream[i]);

MyKernel<<<size/512, 512, 0, stream[i]>>>
(outputDevPtr + 1 * size,
inputDevPtr + 1 * size, size);

cudaMemcpyAsync (hostPtr + 1 * size,
outputDevPtr + i * size, size,
cudaMemcpyDeviceToHost, stream[i])



[Mpnmep 1

E Streams
Stream &
Stream 7

Stream 8

[Mpumep 2

|=| Streams
Stream 6
Stream 7

Stream 8

Mermcpy HE...

Mermcpy HE...

40 EMmCpy Ht...

Mermcpy Dtao...
Mermcpy Hto...

Mermcpy O...

M EMCpYy O...

Merncpy D...




BbluMcanTe/Z1IbHad COBMEeCTUMOCTD

Compute capatibility

\

* Compute Capability 1.0+
*  ACUMHXPOHHbIW 3anycK Aaep
# Compute Capability 1.1+ ( Hanpumep, C1060, cc1.3 )

« [lobaB/ieHa nogAeprKKa aCMHXPOHHOIO KonnpoBaHua (04HO
ycTporicTBo). CBOMCTBO asyncEngineCount

+ Compute Capability 2.0+ ( Hanpumep, C2050 )

# [lobaB/sieHa BO3MOKHOCTb Napa/l/ie/IbHOr0 UCMO/IHEHMA AAEP
Ha GPU (cBoicTBo concurrentKernels)

* [lobaB/neHO BTOPOEe YCTPOMCTBO A/1A ABYHANPaB/1IEHHOIO
aCMHXPOHHOroO KonmnpoBaHusa (cBoicTBO asyncEngineCount)



COUAAUHT perucTpoB

\

* YBE/IMYUTb MAaKCMMA/IbHbIN Npesae/ perncTpos

* Mcnoab3osaTb _ launch bounds

__global  wvoid
~_launch bounds

MyKernel(NJ{"} o
* CKOpel‘/JI BCENr0 YMEHbLIUT 3arpy>K€HHOCTb, 3arpocCbl B rno6aanyro

namATb 6yayT meHee 3P PEeKTUBHbIMMU
* Ho MOXeT ObITb /1yyLle B Le/10M
* BbIK/AHOYUTL L1 4214 3anpocoB B rN106a/bHY0 NaMATb

* MeHbLUe KO//IM3UKN C KILLUMPOBAHMEM /I0KA/IbHOM MaMATH
* YBennuuTb pasmep L1 g0 48KB

(maxThreadsPerBlock, minBlocksPerMS)




CMUA/IMHT PErncTpoB

‘\

arom@cuda:~/cuda/edisonS$S /usr/local/cuda/bin/nvcc -

gencode=arch=compute 20,code=\"sm 20, compute 20\" -m32 --compiler-
options -fno-strict-aliasing -I. -I /usr/local/cuda/include -1
/usr/local/cudasdk/C/common/inc -I/usr/local/cudasdk/shared/inc -
DUNIX -02 -g —--ptxas-options=-v,-abi=no -c most cuda.cu -
maxrregcount=32

ptxas info : Compiling entry function

' Z8swlon doPdS S S S S jiiddi' for 'sm 20'

ptxas info : Used 32 registers, 52+0 bytes Ilmem, 11520+0 bytes
smem, 92 bytes cmem[0], 32 bytes cmem[14], 48 bytes cmem[16]
ptxas info : Compiling entry function

' Z4InvlPdS S S S S S jiid' for 'sm 20

ptxas info : Used 19 registers, 80 bytes cmem[0], 32 bytes

cmem[14], 16 bytes cmem[16]



‘\

* KO/M4eCTBO perncTpoB Ha NOTOK U pa3geaemMon
NamMmATU Ha B/10K

* -—-ptxas-options=-v
* CUDA Occupancy calculator



