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VOLTA AND TURING

Pascalh'oiE L. Z<DkEEZzHH

Volta (cc70)

Tesla V100
(GV100)

Tu ring (cc75)

QUADRO

QUADRO RTX6000
(Tu102)

Tesla P100 (GP100)

QUADRO P6000 (GP102)



VOLTA



VOLTADHIZE

Volta Architecture

Most Productive GPU

Improved NVLink &
HBM2

Efficient Bandwidth

Volta MPS

Inference Utilization

Improved SIMT Model

-,

New Algorithms

Tensor Core

125 Programmable
TFLOPS Deep Learning

HPCé&Deep Learning, /5 [Cax

E R GPU

5 <A NVIDIA.



TESLA V100 (GV100)

PCI Express 3.0 Host Interface

GigaThread Engine

80 SM
5120 CUDAY
640 Tensord»

Memory Controller
18jjonuog Kiowsapy

c =
£ H
5 < =
(] [z
2 g
S Er
s g
= 3

L2 Cache

HBM2
32 GB, 900 GB/s

Memory Controller
J13jjonuog fowapy

Memory Controller
Jajjonuoy Kiowapy

NVLink 300 GB/s

High-Speed Hub
- - R T 3 RS k< 3 R S
NVLink NVLink NVLink NVLink NVLink NVLink




E—24sEEEEE: P100 vs V100

P100 V100 'EEEUP
FP32 10 TFLOPS 15.6 TFLOPS 1.5x
FP64 5 TFLOPS 7.8 TFLOPS 1.5x
DLAL—=>% 10 TFLOPS S 12.5x
HBM2/\> Rig 720 GB/s 900 GB/s 1.2X
WES 5 4 MB 6 MB 1.5x
NVLink/\> RiE 160 GB/s LY teleys 1.9x

(4)>7) (6U>7)

7 <A NVIDIA.



VOLTA GV100 SM

INT32
FP32
FP64
Tensor1)’
LRA5=J74)b
L1Fvv> 1/ HBXEY
ERAALY R

GV100
64
64
32

8
256 KB
128 KB

2048

L0 Instruction Cache
Warp Scheduler (32 thread/clk)
Dispatch Unit (32 thread/clk)

Register File (16,384 x 32-bit)

INT INT [FP32 FP32
INT INT [FP32 FP32
INT INT [FP32 FP32
INT INT |FP32 FP32
INT INT |FP32 FP32 LORE
INT INT [FP32 FP32

INT INT [FP32 FP32

INT |FP32 FP32

LD/ LD/ LD/ LD/ LD/
ST ST ST ST ST

L0 Instruction Cache
Warp Scheduler (32 thread/clk}
Dispatch Unit (32 thread/clk)

Register File (16,384 x 32-bit)

INT INT [FP32 FP32
INT INT [FP32 FP32
INT INT [FP32 FP32
INT INT [FP32 FP32
INT INT [FP32 FP32 LBRE
INT INT [FP32 FP32

INT INT [FP32 FP32

INT |[FP32 FP32

LD/ LD/ LD/ LD/ LD/
ST ST ST ST ST

TENSOR TENSOR

L1 Instruction Cache

TENSOR TENSOR

CORE

SFU

FP64
FP64
FPG4
FP64
CORE Fros

FPG4

FP64

FP64

LD/ LD/
SFU ST 5T

L0 Instruction Cache
Warp Scheduler (32 thread/clk)
Dispatch Unit (32 thread/clk)

Register File (16,384 x 32-bit)

INT INT [FP32 FP32
INT INT [FP32 FP32
INT INT [FP32 FP32

INT INT |FP32 FP32 TENSOR

INT INT [FP32 FP32 HERE

INT INT [FP32 FP32
INT INT [FP32 FP32

INT INT |FP32 FP32

LD/ LD/ LDf LD/ LD/
ST ST ST ST ST

L0 Instruction Cache
Warp Scheduler (32 thread/clk)
Dispatch Unit (32 thread/clk)

Register File (16,384 x 32-bit)

INT INT [FP32 FP32
INT INT [FP32 FP32
INT INT |[FP32 FP32

INT INT [FP32 FP32 TENSOR

INT INT [FP32 FP32 HERE

INT INT [FP32 FP32
INT INT [FP32 FP32

INT INT [FP32 FP32

LDy LD/ LD/ LD/ LD/ LD/
5T ST ST ST ST ST

128KB L1 Data Cache / Shared Memory

Tex

Tex

TENSCR
CORE

TENSCOR
CORE

9
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TURING



TURINGODHIE

SM
Warp Scheduler + Dispatch (32 thread/cik)

- TENSOR

Warp Scheduler + Dispatch (32 thread/cik)

Register File (1 x 32610

TENSOR
INT32 —

Warp Scheduler + Dispatch (32 thread/cik)

File (16,384 x 32-bit)

INT32

Warp Schedulor + Dispatch (32 thread/cik)

R File (16,384 x 32-bit)

- TENSOR

1"

<A NVIDIA.



QUADRO RTX6000 (TU102)

72 SM
4608 CUDAY
576 Tensord)

72 RTd”

DDR6
24 GB, 672 GB/s

NVLink 100 GB/s

PCI Express 3.0 Host Interface

GigaThread Engine

GPC GPC GPC
5 Raster Engine Raster Engine Raster Engine
s e - - - - - - e - - - - - - - -
2 TPG TPC TPG TP TPC TPC TPC TP TPC PC TPC TPC TPG TPG PG TPG PG TPG
£ o erh Sngane || Foyshoroh Gngine || Fayiersh Sngine
S sm sm sm sm sm sm sm sm sM sm sm sm sm sm sm sm sm sm
=
S
=
s
=
=
2
N oo oo o Wl cone e cone i cone | [ cone il cone il cone v one i cone i one |
S
o sm SM sM sm sM sm sM sM sM sm sm sm Sm sm sm sm sm sm
=
S
(=
s
=
=
=
o
=
s
=
s
=

L2 Cache

5
s
=
s
S
g
=
s
=
k3
e
s
8 sm sm sm sm sm sm sm sm sm sm sm sm sm sm sm sm sm sm
=
=
S
=

Raster Engine

Raster Engine

=
Raster Engine.

5

=

=

S

‘-é sm sm sm sm sm sm sm sm sm sm sm sm sm sm sm sm sm sm

g TPC TPC TPC TPC TPC TPC TPC TPC TPC TPC TPC TPC TPC TPC TPC TPC TPC TPC

£ e N B ‘e -n -~n -u B o o e e -n e = BB e B o~ s -u -a
=

= =

E =

High-Speed Hub
& = =
NVLink — Two x8 Links

==

E = =

19]103u09 Alowayy

Jajjoiu09 Alowapy

J9jjoRu0g Aoway

Jajjonuog Aiowayy

juog Kowapy

Jajjonuoy Alowayy
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REREIL: GP102 > TU102

TURING (TU102)

PASCAL (GP102) " TENSOR CORE RT CORE

125 TFLOPS FP16
250 TOPS INT8
500 TOPS INT4, .

10 Giga Rays/Sec

SHADER | COMPUTE

13 TFLOPS FP32 SHADER | COMPUTE

50 TOPS INT8

16 TFLOPS + 16 TIPS

11.8 Billion xstr | 471 mm? | 24 GB 10GHz 18.6 Billion xstr | 754 mm? | up to 48+48 GB 14GHz

13 <A NVIDIA.



E—214EELEBE: P6000 vs RTX6000

FP32
DLA>J7L >R (FP16)
DLA>J7L >R (INT8)

DRAM/U> Rilg
L2F vy 1

NVLink/{> Rig

P6000

12.5 TFLOPS

NA

50 TOPS
(DP4A)

432 GB/s
(GDDR5X)

3 MB

NA

RTX6000 (*) 'ME&EUP

15.6 TFLOPS 1.2x
125 TFLOPS
(TensorCore)
250 TOPS
(TensorCore) 5 y OX
672 GB/s
(GDDR6) 1 * 6X
6 MB 2.0x
100 GB/s
(2U>7)

(*) RTX6000(&70OY7ERENZEEDRIEEEBD

“ANVIDIA.



TURING TU102 SM

INT32
FP32
Tensor1Y’
RT1)
L>R5-T714)b
L1Fvy> 1/ HBXEY
ERAALYRE

TU102
64
64

256 KB
96 KB
1024

Warp Scheduler + Dispatch (32 thread/clk)

Register File (16,384 x 32-bit)

TENSOR

INT32 FP32 CORES

LD/ST  LD/ST  LDIST  LDIST SFU

Warp Scheduler + Dispatch (32 thread/clk)

Register File (16,384 x 32-bit)

TENSOR

INT32 FP32 CORES

LD/ST  LD/ST LD/ST  LDIST SFU

Warp Scheduler + Dispatch (32 threadiclk)

Register File (16,384 x 32-bit)

TENSOR

INT32 FP32 CORES

LD/IST ~ LD/ST  LD/ST  LD/ST SFU

Warp Scheduler + Dispatch (32 threadiclk)

Register File (16,384 x 32-bit)

TENSOR

INT32 FP32 CORES

LD/IST  LD/ST  LD/ST  LD/ST SFU

96KB L1 Data Cache / Shared Memory

15
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TENSORJ
Volta SM Turing SM

Warp Scheduler + Dispatch (32 thread/clk) Warp Scheduler + Dispatch (32 thread/clk)

Register File (16,384 x 32-bit) Register File (16,384 x 32-bit)
LO Instruction Cache LO Instruction Cache
Warp Scheduler (32 thread/clk) Warp Scheduler (32 thread/clk)
Dispatch Unit (32 thread/clk) Dispatch Unit (32 thread/clk)

Register File (16,33

INT INT INT32 FP32 INT32 FP32

INT INT
INT INT

INT INT

INT INT

INT INT Warp Scheduler + Dispatch (32 thread/clk) Warp Scheduler + Dispatch (32 thread/clk)

INT INT Register File (16,384 x 32-bit) Register File (16,384 x 32-bit)

LD/ LD/
sT sT

LO Instruction Cache LO Instruction Cache
Warp Scheduler (32 thread/clk) Warp Scheduler (32 thread/clk)

Dispatch Unit (32 thread/clk) Dispatch Unit (32 thread/clk) INT32 FP32 . INT32 FP32

Register File (16,384 x 32-bit) Register File (16,384 x 32-bit

FP64 INT FP32
FP64 INT FP32
FP64 INT FP32 LDIST  LDIST  LD/ST LD/ST  LDIST  LDIST
FP64 INT FP32
FP64 INT FP32 96KB L1 Data Cache / Shared Memory
FP64 INT FP32 Tex Ty

FP64 INT FP32

FP64 INT FP32

LD/ LD/ LD/ LD/
ST ST ST ST ST

—— R‘T CORE |

Tex Tex Tex Tex

17 <ANVIDIA.



SEEAEETIIEEI Y
1T5IMDFMA (Fused Multiply-Add)
44D DIEFTEEZ 1Y) CatE I 21%EE:
128 EE /Y1) /Tensord7. 102485 /Y1)l /SM

D =

FP32
(FP16)

18 <ANVIDIA.



TENSORIEES (FP16)
VOLTA, TURING

INEE
AJI:FP16 FP165RE FP32/NE3 HH:FP32 FP16(CZ4f

more products

SR D

A
_liblt 32bit :‘ :
16b1t T

i

D=A*B+C C




TENSORIEES (FP16)
VOLTA, TURING

IRE
AJI:FP16 FP163RE FP16M1E tH73:FP16

A morf piodulcts D
FP16 16bit
-—|_.‘ ‘ 30
FP16 [ R :

B FP16 g

D=A*B+C C

FP16INEHYR—b (127> AH)



TENSORIEE (INT8)

AJI:INTS INT83RES INT323018 H73:INT32
|Nf\r8 ——_8bit g D
X o + > INT32
INT8 — &0ic :
B INT32

D:A*B+C C

IIIIIII



TENSORI 7 (I{RID 1z 8h?

RSRITHIRE (THEITHIDRE)
- O(N3)

- Deep Learning CHEQRETE
No—Z>7% (FP32, FP16)
- A>I7L>Z (FP16, INT8)

CUBLAS: ZTHEES1J3Y




CUBLASIETENSORI 77 XJ it

f8]: cuBLAS cublasGemmEx (FP16)

cublasCreate( &handle );

cublasSetMathMode( handle, CUBLAS_TENSOR_OP_MATH );

algo = CUBLAS_GEMM_DEFAULT_TENSOR_OP;

cublasGemmEx( hand ransb, m, n, Kk, alpha,
A, CUDA_R_16F, lda,
B, CUDA_R_16F, ldb,
beta,

C,[%UDA_R_16F, ldc,

CUDA_R_32F, algo );

sTREZIETE

Tensord7FHODIT
FIFET LTI LD

1#IR

AFHTIA,BO
SRV IETE

HEHITHICDT —

S IETE

23
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TENSORAZ[FESEDNTNSD?

16
!_*_\

ANSRITHFREL, /NESRITHNIREDESEH TS
- ZLD16x161THFEZ. ENEN. Tensord7(CE|ZH

164




TENSORIZ D{EWNT (FP16)

CUDA WMMA API Tensor 3P\
ABDT—HE

==
__device__ void tensor_op_16_16_16(Chalf *a, half *b, float *c) (fragment) DE'S

{

wmma: : fragment<wmma: :matrix_b, 16, 16, 16, half, .> b_frag;
Lwmma::fragment<wmma::accumu1ator, 16, 16, 16, float, .> c_frag

r'wmma::1oad_matrix_sync(a_frag, a, .): ADTHDO—E[E AN
~ wmma::load_matrix_sync(b_frag, b, .); fragmentlléﬁé’jﬁé’j

rwmma::fragment<wmma::matrix_a, 16, 16, 16, half, .> a_frag; }

wmma: : fill_fragment(c_frag, 0.0f);

B HOfragment = {DEAML

Tensor J )’

i wmma: :mma_sync(c_frag, a_frag, b_frag, c_frag);

/’\

wmma: :store_matrix_sync(c, c_frag, ..);

} HHfragment %

BATHICESAH

25 <A NVIDIA.



TENSORIAFZ DL\ (INT8, CUDA10, TURING)

__device__ void tensor_op_16_16_16(char *a, char *b, int *c)

{

wmma.
wmma .
wmma .

wmma .
wmma .

wmma .

wmma .

wmma .

:fragment<wmma: :matrix_a, 16, 16, 16, char, .> a_frag;
:fragment<wmma: :matrix_b, 16, 16, 16, char, .> b_frag;
: fragment<wmma: :accumulator, 16, 16, 16, int, .> c_frag;

:load_matrix_sync(a_frag, a, ..);
:load_matrix_sync(b_frag, b, ..);

:fill_fragment(c_frag, 0);
:mma_sync(c_frag, a_frag, b_frag, c_frag);

:store_matrix_sync(c, c_frag, ..);

26

NVIDIA.



TENSORI7Z D E— 14 5ELLEE

VoltatkTuring

TESLA V100 QUADRO RTX6000 (*2)

(GV100) (TU102)

FP16 125 TFLOPS 125 TFLOPS
INT8 NA 250 TOPS
INT4 (*1) NA 500 TOPS

Turing TensorCorel(dZEERAAEL TINTAEINT1EHR— K
ZFU<(Z12018-2052 CUDA1ODFHEBEC ZMDERE IICT

(*1) INT4: EBRFH  (*2) RTX6000(370v754ENEEDRIEEEED



1.2

1.1

0.9

Average Relative Error to FP32

0.8

TENSORIVEHEDIFRZE1(X?

FP164£D. FP32(<i0N

I Error range

32
64
128
256

FP32

512
1024

N X
™M O

128
256
512
1024

TensorCore

Matrix size (m=n=K)

32
64

128
256

FP16

512
1024

Note: depends on

application!

C=A"B
Matrix A: exponential
distribution (activation)

Matrix B: gaussian
distribution (weight)

Error range: 99%

29
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FPEEEINTEHEZEIRFEIT

Volta SM Turing SM
VO lta / TU ri n g D\B \ : Warp Scheduler + Dispatch (32 thread/clk)

Register File (16,384 x 32-bit)

FP321-wREINT321 -y et
FPEECINTEEDREFE/TH 0] 8E

TENSOR
CORES

Pascal FP INT

Volta INT
Turing FP

v



PASCAL: L1FvYy>1EHB ATV B

Pascal SM (GP100
Load/Store Units

HBAEY

mmAX64 KB -o - At

L1FryS1 J>J0vx>4
24 KB

24wy 1
x4 MB



MEL1FrYI1/HBAEY

Pascal SM (GP100 Volta/Turing SM
Load/Store Units

Load/Store Units

HEAEY L1FvvS 1/ AEY
F=XK64 KB FoERE 128 KB / 96 KB
___.'
L1FvyS 1 J>Javx> )

24 KB

23w

L2F+vy>a 6 MB

fx A4 MB

33 <A NVIDIA.



MEL1FrYI1/HBAEY

Volta/Turing SM
Pascal& EEANT,
L1y .
- 2Bl FOBE=E (EvhERUP)
L1FvvS1/HBAEY
o 2/ZM)\> Nig 128 KB / 96 KB

« FEUVEZE

L2
- 2BOEZ (kvhZRUP)

23w
6 MB



HBEABVY A X (FERETTHE

Volta SM
Load/Store Units

Turing SM
Load/Store Units

e o
&&t: 128 KB &=t 96 KB

HBAEY:
0, 8, 16, 32, 64 or 96 KB

HEAEY: 32 or 64 KB

cudaFuncSetAttribute( func, cudaFuncAttributePreferredSharedMemoryCarveout, carveout );

W=l 23w

6 MB 6 MB

35 <A NVIDIA.



EIMAEYNY RiE

A\ o

HBM2 200 |— o GDDR6
P100 and V100 RTX6000

P100 V100 RTX6000 (*)
IO RIERDER 76% 94% 92%

(*) 7—=45L—M.3GHzDRIFENR— R, ECC Off



RT CORE



Turing SM

Warp Scheduler + Dispatch (32 thread/clk)

Register File (16,384 x 32-bit)

TENSOR
INT32 | FP32 L

Warp Scheduler + Dispatch (32 thread/cIk)

Register File (16,384 x 32-bit)

TENSOR
INT32 FP32 CORES

Warp Scheduler + Dispatch (32 thread/clk)

Register File (16,384 x 32-bit)

TENSOR
INT32 | FP32 s

Warp Scheduler + Dispatch (32 thread/clk)

Register File (16,384 x 32-bit)

TENSOR
INT32 FP32 CORES

RTaY

10 Giga Rays /sec
Ray TracingZz/\— RO 7 THlER

Bounding Volume Hierarchy (BVH) traversal

Ray/Triangle intersection

SMB(Z, RTO7%Z1 D18k

Ray Tracing APls: Microsoft DXR, Vulkan ray tracing

38 <ANVIDIA.
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8OASM
.
SM sm | [ sm | SM
Tt e

DRAM (HBM2)

VOLTA GV100

FP321_wh: 64
INT321=wh: 64
FP641_wh: 32
Tensor): 8
SFUIZwh: 16

"

~




72 SM
4 A N
[ oM sm | [ sm ) SM
\1 1)\1) \. J

DRAM (GDDR6)

TURING TU102

"

FP321-wh: 64
INT321_w: 64

Tensor_1): 8
SFUZwh: 16
RT1): 1

~




GPUZREZE= APREA I BIC(S?

EE 1Y MOBMEIRZ L3
INT32, FP32, FP64, Tensor//, ...
DRAMN'S DT —TEmX3N 7z LTS

EIEFEMR (Latency Hiding)

IIIIIII



BERz LIF3(CE

TAAL—HDEE:
1E8HIED. 1 AFEND
28 1ERh\RIE

EeZN(320

(*) BXE: FTIANL—H—(CHROTHS. LICEIFI 2F TR



mEREEFBCE

asZ AE .
1EEHIED. 1 AENS
2M8B(C, 1ERH RIS

BU. BRI AUNESENOIS?

Ee#8(320

BREIEZ100%(C T BIC(E. RERCIAME, BI(C
20 A\NEOTVBLEN D

Z{DNERE T EEZ[EfR IS
Latency hiding




GPUDBEIERZ L ITBICIE

GPU(Z. CPULLERTEENEREW > [{EAD AZR B DIHNEN DD
EENEIE: HEORITHIR(FEIT)INSIE TET
SOZDEEZ . FITUTHENHD
XEUPICAELE: O— R ANEKEIR(FEIT)NSR TET
SDZLDAEVT7 IR % . FITUTHEWENHD

IIIIIII



XEUIN MigxhsR

100.0
90.0
80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0

0.0

ABUP D CAFITELRIN>D MiE

Volta GV100

SMBIEDDFEITIEXEU7ITZAE (Byte)

M B6KBIZE DXEY 7R BRNFATU THILE, RAEMNN NIEICH
LT, #990%D/\> Righi§5N 3 (4BETDE. UUTAMN1.5K),

46
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CUDA



CUDADER

JyR, ALy RJOvY. ALYR

__global__ void kernel( float *a, float *b, float *c) H—x)|,:
{ 2 ALY ROEMWENEEIRENZTOT S A
int i = threadldx.x + blockldx.x * blockDim.x;

i +=all" bl TR, 1 E R

| |

127 128 255 256 383 384

ALy RJOv40 ALyRJOvI1 ALyRIOw2 Al




CUDADER

AN REITETIL: SIMT
Single Instruction Multiple Threads
—DOEUsin% . DALY R, FFCEITIS
B DALY RO T ARALYR?

J—JEAITarHHETEIND. INHCUDADTOT S AEITOEAR

IIIIIII



CUDADOEAR
SR ALbyRJOvY, (D-7.) ALYR

__global__ void kernel( float *a, float *b, float *c) H—x)|,:

t & 2L ROENWER BIRUET— R
int i = threadldx.x + blockldx.x * blockDim.x; ok
1] += a[i] * b[il; L
1 el r= et TRl 1ZALYRH, 1EBxRZHE

ALyRJOv40 ALyRJOvH1 ALyRJIOvS3




CUDADEZR
fnm (70—
J093L09>4(PO)E. D—T8EI(CFEE

F22)—JOALYRE, BRJEeHZEITTES.
TEREIR ML T

B0 —TORIALY FHEAFDIE T, B/ CRITATLE,
ED7132BM?

Z0OI7—JF. mADINAZ2EITID
ferzUs =730/ CRICORVALY RIE. ERYMEan 3




CUDADER

ALYR-YvE>)

ALY RIJOvIORZAKE. O35 L4051, 1D, 2D or 3DTIETERIHE
N\=RI17(%. HEETI1DEL TR
ALY RIOVIDORARDES THN. EHEI2ALYRA, 1D-T(C¥vTEN3

-

80 Threads:
40 threads in X
2 rows of threads in' Y

40
A

=

~

)

)

3 warps (96 threads)
16 inactive threads in 3 warp

40
A

.

-

~

/




e EfTIO—-

0 Threadldx.x 39

A;

if (threadldx.y == 0) Warp | - - -
B;

o |
C;

> .

time

53 “ANVIDIA.



e RR{TIO—

0 Threadldx.x 39

ALY RIMBEERIY A ) 2 BE I D0% kTS
ALYRIOVIRDRA LY Rz, 320838129 %
BUIT—TROZALYRA, BIOI—RICAICH I T RS E ST

IIIIIII



INDEPENDENT THREAD SCHEDULING

Improved SIMT Model

J0934L89>59—(PC): 4
Pascal¥T. J-JHA TEIE
Volta/Turingh'5. ALY REAI TEE ‘
AN CEBLIICHB?

BIUT—-JADOALYREIT. IEFRRT —ADZFHEUNRIEECRD
producer consumerZN1— Rz, KDBRARAZTECIRTES

IIIIIII



INDEPENDENT THREAD SCHEDULING

lock = 0; PascalZ TDGPUTI(XL. deadlock¥FEE
do { lockZBS TSN 2IEALY RAY lockER
lock = tryLock(); ?%&%%Dﬂj - lOCk%HY'?%L/kZI/“J |\D\

lockfRETE THEDH R > deadlock
} while (lock == 0); ockRINE TIEDRL > deadloc

...,

releaselLock();

\

(*) atomicéntovolatilerh( >A—%z2{ER T2 ENHS

Volta/Turingh*5., IEEI(CEITTED

IIIIIII



INDEPENDENT THREAD SCHEDULING

BIUT—TARDZALY RN, lock-stepEITIN AR
—B . E17)\ANDEET 5L ALY RIBACEFERUZRL
BUI—-THDOALYRTE. BBRIREIHINGE R — X,
FEEAM(CA Ly R EIEAZABTE L2 d— RIEfERR (warp-synchronous)
shuffledn B °voteBEZIDAPIZ RIEL
f5]: __ shfl_xor( val, 0x1 ) = __shfl_xor ( , val, 0x1)
BT, D-THROEDRALY R COaTICEIET DN EIETE
EFRAPIDshufflednds, voteBaZRDEAIIIEHELE

IIIIIII



INDEPENDENT THREAD SCHEDULING

CUDA 9TE AUJZAPI Z{EHT3: *_sync( mask, ... )
A5 TEW—FFTI)FvZI8TEIT S
-arch=compute_60,sm_70 (Volta binary)

-arch=compute_60,sm_75 (Turing binary)
-arch=compute_60 (PTX JIT)

Cooperative Groupsz{EFHd 3
Cooperative Groups>T{A]?

IIIIIII



COOPERATIVE GROUPS
27 =57 CERIRMEDR L\ ALy REFEIER - BIEHAE (CUDA 9.005)

FRREMES DALYRIIL—T0, EE-HE-FEEEHICTS
AT =FINWRIN—=THAX: ALY R~FZALYR
BRI — T DR - S EIHET A

CUDAELTHR—k _

\ 4
DI —THA XL\ — RO T 7%581R

PDENED Thread Groups

Keplertt A A LIZDGPUTHIFARIEE W W W T W e

59 “ANVIDI A.
* Note: Multi-Block and Mult-Device Cooperative Groups are only supported on Pascal and above GPUs
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Sync

3DDART—=)

> IVGPUR
(SMEIDEIRA)

Ay RI Oy RO EEA

NJVFGPU[E]
(GPURIDREIRA)

sync
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For current coalesced set of threads:
auto g = coalesced_threads();
For warp-sized group of threads:
auto block = this_thread_block();
auto g = tiled partition<32>(block)

For CUDA thread blocks:
auto g = this_thread block();

AW RJIOWY

For device-spanning grid:
auto g = this_grid();

For multiple grids spanning GPUs:
auto g = this _multi_grid();

“ANVIDIA.



COOPERATIVEI =T
SFEFEDI IV —T

JIL—=TDXIy R

- sync() ... ALvRfElEIEA

- size() ... ALYRER

- thread_rank() ... ALYRDID

Thread Group

Coalesced Th read
Group Thread BlOCk

Block
Tile
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BZALYRIOYINMERT VY - XAETRED

| VoltaGV100 Turing TU102

B ARA LY RER 2048 1024
(T—T%) (649—7) (329-7)

LSAA—HA4X 256KB 256KB
HEXES B2 K96KB Ex K64KB

EFRVY-ZX&2 / ALyRJOv:
= ALYRSBEDERAL XT38 * ALvRER

CUDAY—JLFwA®D Occupancy Calculator CHEZRRIEE
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CUDA OCCUPANCY CALCULATOR

CUDA Occupancy Calculator

Just follow steps 1, 2, and 3 below! (or click here for help)
1.} Select Compute Capability (click): 7.5
1.b) Select Shared Memory Size Config (bytes) 65536
2.) Enter your resource usage:
Threads Per Block 128
Registers Per Thread 128
Shared Memory Per Block (bytes) 4096

(Don't edit anything below this line)

3.) GPU Occupancy Data is displayed here and in the graphs:
Active Threads per Multiprocessor 512
Active Warps per Multiprocessor 16
Active Thread Blocks per Multiprocessor 4
Occupancy of each Multiprocessor 50%
Physical Limits for GPU Compute Capability: 1.5
Threads per Warp 32
Max Warps per Multiprocessor 32
Max Thread Blocks per Multiprocessor 32
Max Threads per Multiprocessor 1024
Maximum Thread Block Size 1024
Registers per Multiprocessor 65536
Max Registers per Thread Block 65536
Max Registers per Thread 255
Shared Memory per Multiprocessor (bytes) 65536
Max Shared Memory per Block 65536
Register allocation unit size 256
Register allocation granularity warp

(Help}

(Help}

(Help}

E

F G H | J K

L

Click Here for detailed instructions on how te use this occupancy calculator.

For more information on NVIDIA CUDA, visit http://developer.nvidia.com/cuda

Your chosen resource usage is indicated by the red triangle on the graphs. The other

data points represent the range of possible block sizes, register counts, and shared

memory allocation.

32

(=]
=

Multiprocessor Warp Occupancy
(# warps)
>

0

Impact of Varying Block Size

My Block Size, 128

0 64 128 192 256 320 384 448 512 576 640 704 763 832 896 9601024
Threads Per Block

32

Jccupancy
Pa
ES

Impact of Varying Register Count Per Thread

o

Multiprocessor Warp Occupancy

w
[2¢]

(]
=

(#warps)

Impact of Varying Shared Memory Usage Per Block

My Shared
Memory, 4091
B @ = = R R R W P A T
SR E:sasiEgaziis
g - =4 @ L= g =4 S; s o - =4
Shared Memory Per Block
] ) — — 32 TEE — 5 550




FESTTESRS

SMEEB R DCHE
ALY RMEZNL FEITAIREn HEEERS
Instruction Level Parallelism (ILP) DciZE
BALY W EITI 2 IO IENRNL, FEIToJREARREIIBERZD
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FATERRICLDT —FFedHAdr - ERN 5T TUTWS
&F2: 20 MERISEEIZYMMEZS
FATORICLDEE 1Y MOFEAMENOTULS

IIIIIII



A AN 0K Yy
R FITDH
__global__ void kernel( float *a, float *b, float *c)

{
int tid = threadldx.x + blockldx.x * blockDim.x;

LDG.E.32 R2, [R2];
LDG.E.32 R4, [R4];

LDG.E.32 R8, [R6];

FFMA R8, R2, R4, R8;

)

)

)

STG.E.32 [R6], R8

Load (12B)

Multiply-Add

Store (4B)

IIIIIII



A AN 0K Yy
R FITDH
__global__ void kernel( float *a, float *b, float *c)

{
int tid = threadldx.x + blockldx.x * blockDim.x;

LDG.E.32 R2, [R2];
LDG.E.32 R4, [R4];

LDG.E.32 R8, [R6];

stall

FFMA RS, R2, R4, R&;

)

)

)

STG.E.32 [R6], R8

Load (12B)

Multiply-Add

Store (4B)

IIIIIII



A AN 0K Yy
R FITDH
__global__ void kernel( float *a, float *b, float *c)

{
int tid = threadldx.x + blockldx.x * blockDim.x;

LDG.E.32 R2, [R2];
LDG.E.32 R4, [R4];

LDG.E.32 R8, [R6];

stall

FFMA R8, R2, R4, R&;

stall

)

)

)

STG.E.32 [R6], R8

Load (12B)

Multiply-Add

Store (4B)

IIIIIII
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__global__ void kernel( float2 *a, float2 *b, float2 *c)

{

int tid = threadldx.x + blockldx.x * blockDim.x;

YT (CFEITRIRE {

LDG.E.64 R2,

LDG.E.64 R4,

LDG.E.64 RS,
stall

FFMA R8, R2, R4, R8;
FFMA R9, R3, R5, R9;

stall

R2];
R4];

R6];

)

)

)

STG.E.64 [R6], R8

25=0
XEVE K%z
FAT

Load (24B)

2 Multiply-Add

Store (8B)

IIIIIII



FAST MATH

SDEIRICEITTEBintrinsichMEATIEE FBE (MK T)
PRISER: )MV ATZ 3> --fast-math
ERNSER: _ cosf(x), __logf(x), __expf(x)

A DEVELOPER CUDA TOOLKIT DOCUMENTATION

nviDIA L0ONE

CUDA Toolkit v9.2.148

< Previous | Next > CUDA Math APl (PDE) - v9.2.148 (older) - Last updated August 1, 201

CUDA Math API
= 1. Modules

Motices

NVIDIA CUDA Math API

Table of Contents

41 4 - D ey = Lo o
o 1.1. Half Precision Inftnnsics




TENSORY

Volta/Turing C{EE ] &E

ITHRBEEAOEREI YN
Volta:
125 TFLOPS (fp16) Turing SM

Volta SM

.
]
~ lOmstuctonCache I urin g . Warp Scheduler + Dispatch (32 thread/clk)
Warp Scheduler (32 thread/clk)
Dispatch Unit (32 threadiclk)

125 TFLOPS (fp16)
. o 250 Tops (int8)
o R o e 500 Tops (int4)

Register File (16,384 x 32-bit)

TENSOR
CORES

INT32 FP32
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TENSORIZ D{EWNT (FP16)

CUDA WMMA API Tensor 3P\
ABDT—HE

==
__device__ void tensor_op_16_16_16(Chalf *a, half *b, float *c) (fragment) DE'S

{

wmma: : fragment<wmma: :matrix_b, 16, 16, 16, half, .> b_frag;
Lwmma::fragment<wmma::accumu1ator, 16, 16, 16, float, .> c_frag

r'wmma::1oad_matrix_sync(a_frag, a, .): ADTHDO—E[E AN
~ wmma::load_matrix_sync(b_frag, b, .); fragmentlléﬁé’jﬁé’j

rwmma::fragment<wmma::matrix_a, 16, 16, 16, half, .> a_frag; }

wmma: : fill_fragment(c_frag, 0.0f);

B HOfragment = {DEAML

Tensor J )’

i wmma: :mma_sync(c_frag, a_frag, b_frag, c_frag);

/’\

wmma: :store_matrix_sync(c, c_frag, ..);

} HHfragment %

BATHICESAH

76 <A NVIDIA.



TENSORIZDIELNS (INT8)

__device__ void tensor_op_16_16_16(char *a, char *b, int *c)

{

wmma.
wmma .
wmma .

wmma .
wmma .

wmma .

wmma .

wmma .

:fragment<wmma: :matrix_a, 16, 16, 16, char, .> a_frag;
:fragment<wmma: :matrix_b, 16, 16, 16, char, .> b_frag;
: fragment<wmma: :accumulator, 16, 16, 16, int, .> c_frag;

:load_matrix_sync(a_frag, a, ..);
:load_matrix_sync(b_frag, b, ..);

:fill_fragment(c_frag, 0);
:mma_sync(c_frag, a_frag, b_frag, c_frag);

:store_matrix_sync(c, c_frag, ..);

NVIDIA.



© RSTHIREQ NSRITHIREOESL

© ATHICZ. 16x16D/MTHNCTIITD
- BIMTHNCO-TZEINETS

TENSORI7 DER{HI

C+=A"B

HIEED

- &I-T. ABITHIA BOBSEERIZ16x16
DY A X TimdrAd. Tensord7%={E>T16x16
TITAEEETT. ST ENTE T 9dFETCNZiE
NIk

16x16 TIRVEBAE R DN




TENSOROA7 D{EWVS

__device__ void tensor_op_16_16_16(Chalf *a, half *b, float *c)

{

wmma.
wmma.
wmma.

wmma.
wmma.

wmma.

wmma.

wmma.

: load_matrix_sync(a_frag, a,
: load_matrix_sync(b_frag, b,

: fragment<wmma: :matrix_a, 16, 16, 16, half, .> a_frag;
: fragment<wmma: :matrix_b, 16, 16, 16, half, .> b_frag;
: fragment<wmma: :accumulator, 16, 16, 16, float, .> c_frag;

)]
)]

:fill_fragment(c_frag, 0.0f);
:mma_sync(c_frag, a_frag, b_frag, c_frag);

:store_matrix_sync(c, c_frag, ..);

NVIDIA.



CUDA WMMA API
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16x16x16 8x32x16 32x8x16




TENSORJY
DLIL— LT~ THEZ B0 ?

NVIDIADZAJ5)—-THR—-h
CuBLAS
cuDNN
TensorRT
CUTLASS

DL frameworks



AEUS AT A

VOLTA GV100
80 SM
- A ~ LSR5T74
( N\ [ )
SM SM SM SM 256KB/SM (h—%JL20MB)
FAENEY/ L1y
- 3 7 2 7 ;1—“ 128KB/SM (h—%JL10MB, 14TB/s)

DRAM (HBM2)

L2Fvy>a

6MB. Read: 2.5TB/s. Write: 1.6TB/s
DRAM (HBM2):

16/32GB. 900GB/s



AEUS AT A

Turing TU102
72 SM
. = N LIZITRA
( N\ [ )
SM SM SM SM 256KB /SM (h—%)L 18.5MB)
AT/ L1FryIa
\ J

B

DRAM (GDDR6)

96KB /SM (h—=%JL 6.75MB, 8TB/s)
L2Fvy>a

6MB
DRAM (GDDR6):

24GB. 672GB/s



AEVFHMHU

L1FvyS (T —IhddhaFIvy
BLHNIE LInsT—SZ4tte (#87)

L2F4vwS 2(CT DN e FIv)
BLHNIE. LT —dZ4tke (#8T)

DRAMNST =A% Fed+H U



Store

AEUESAH

L1Fvy>a
Pascal: L1IC[FESAFNT, L2[ICEZFIAFTFNS

Volta/Turing: L1ICEZAFNZN. L2ICEESTAFEFND
(write-through)

L2Fvy>a
DRAMANDEZAHE. MEBRESICITHNS

(*) FrvS 10O, BLD/STanw(COperatorz{lF3d &
TEZ5N3 (Finline PTX)

85



GPUDL1/L2Fvv> (3D fzs?

SRBROBFE

\

ZEENEAE (R-ZYAX Fv2 151254 X)

BRI BATE (Fry>ahsi<a

E 22

A

(ZCH5)

B ALY ROBBEINBATERIT TR Frv1&ERATELRL
BALYRMEZ DT v 18=: L1:64B. L2:76B
(Z51%) 1024 ALwE/SM. 80 SM. L1/SM:64KB. L2:6MB

IIIIIII



GPUDL1/L2Fvv> (3D fzs?

GPUDFvv> 1(3[ AL REIOBPE 12 F AL TS

ALy RFEIDBATH (ALY R OvI A )2 BA7RBY(CHITEI T 2705, HEEXEY
Z0At

HEXEUZEDRVI—-R (naived—R, OpenACCE)

AtomicARL —2 3> DERL

7R A= P ARBITEITRICO SRV - R

LI RA—RE VL BREAR T DFEF

IIIIIII



Atomics throughput (Gops)

100
90
80
70
60
50
40
30
20
10

L2 ATOMICSTERELLEE

Volta
® =
Woossse ®eo. P .
- Pascal
O*. I
._‘.
T' ..... Beoono, .T. ..... Wroeooos L
. y ; 8 10

no conflict (P100)

random (P100)

=o-no conflict (V100)

«-%--random (V100)

Array size (MB)

BR2EDOAI—Tvk
I-'EU _

AtomicAdd (FP32)

256M threads

Access pattern:
regular, random

88 <A NVIDIA.



AEUPILANG -2

CoalescedXEUVtX
BCT—ThBDAEY7 R, BIRERPED, —f&(CENd

B &J—JOLD/STH. [AMED T 57— (L7 IEXT20h
THH—EE ARUTITADKIE (KESD)
45 —H4X($32B or 64B (*) LABF(E32BE L TEHEA

IIIIIII



AEUPILANG -2

£ ALY ROYEREAY(C4B7 1A (int, float)

T T

XEY7RLA

IIIIIIIII



AEUPILANG -2

B ALY ROLERRY(C8B Y U1
(long, double, int2, float2)

s

XEY7RLA



AEUFP I AING—

Warp

><><><><><><><><

BALYRHBP IR, T TIERL

0

32

64

96

128

160 192
XEY7RLA

224

256

288

320

IIIIIII



AEUPILANG -2

B ALY RHMERE (C4B 71 R, but IR NI NTLS

0 31
Warp

DERRRRRRNNNNNNS

0 32 64 96 128 160 192 224 256 288 320 352
XEUT7RLA
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AEUPILANG -2

Z{DHE . IRDD—THBHEC I —(CTFITRATIDT,. EE _ERIEHL)
BALYRhES Y (C4B 71X, but EEBRNINTUS

0 31 32 63
Warp IRMDWarp

VLLLEEE P EEEE L

0 32 64 96 128 160 192 224 256 288 320 352
XEUFRLA




AEUPILANG -2

Ei[O¥4 NP

31

Warp

32

64

96

128 160 192 224
XEUT7RLA

256

288

320
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AEUPILANG -2

DT IERINF=(E, BIEERPED. #EFDHNENHD
32B(12749—)DA. 4BUMENRL), 28BI(LHREL

BALYRIMB7 A ARNSA R

0 31 3275 —
Warp
32 64 96 128 160 192 224 256 288 320 352
AEUT RLA

96 <A NVIDI A



AEUPILANG -2

NS INOY AT NN - =k
ARTA RPIERCBITVRWAY, JOJ745—THEERT B,
EU. 7O h RN o5?
ALY RANDYIREHTZE RS (B EEDZEE)
T=ALATON2ZETS (Bl: a[X][Y] = a[Y][X])
ReadéWrite TR ICROIES (B 4T5ERE). WriteZ{25t 9 D
RERT—HBI%(ES (float > float2 > float4)

IIIIIII



HEAEY Loz

BSMAZH D RT5vF I\ RXEY

1Y -HARCT DB U ANZFIEHI TEDFry> 1
DRAMELEAT, BRI 7 IR

FDEE: 20-40f5EEE

I\ g 151512 E OIL w1
ENTREE(CBENNN?

BEUALYRIOVIARDOALY REITO. ERBT—51%% (BIRALWR
JOvIEICEEZLZW)

SRFECTIEARNBT —IDRE (atomicRIERE) SRT pORE

98 <ANVIDIA.



HEAEY

VoltatTuringTCER23m

Volta Turing
(GV100) (TU102)

AN 14 TB/s 8 TB/s
B4 X LR
(JZLyRIOwY) 48, 96 KB 48 KB

VoltaT(I48KBEDHEXEVZMNELTIH—RIEFEITTEIN, TuringTEEITTERL
HBEAEVOYAX(IEEERTRE (RSA)UHNELOEIRT 2D T, Z{DIHE. SXEAE)

cudaFuncSetAttribute( kernel, cudaFuncAttributePreferredSharedMemoryCarveout, carveout );



M (34B. 32/)\>7

HEAEY

Byte-address: 0 4 8 12 16 20 24 28 32 38 40
0 1 4 5 6 7 10
128 132 136 140 144 148
32 | 33
256 260 264
\ * J L N
Bank-0 Bank-1
IR EIHEMERERT .. N\ U8ETR ?

120 124 128
30 | 31}

248 252 256

384

|
~~

Bank-31

100 NVIDIA.



BCT—-TARDALY RO Fil) ()’](27’7’87\31’1(55\ A2,

E22 =] >(=E'J

N>

s = T

0 1 T2 T3 T4 T5 T6 T7 T8 T9 TI10
Byte-address: 0 12} 16} 20} 2 28] 32] 38 44
0 1 5 6 7 10
32 | 33

Bank-0 Bank-1

SR

($FE5

T-30 T-31

12

12

=730

128

30

31

~~

Bank-31



E22 =] >(=E'J

N>
BCT—TAROALY RN, BT ITNE. N3RS

s = T

0 71 T2 T3 T4 T5 T6 T7 T8 T9 TI10
Byte-address: 0 4 8 12 6 200 2 28] 32] 38] 4 44
0 1 4 6 7 10
32 | 33

Bank-0 Bank-1

(IFEE

T-30 T-31

12p 12

U720

128

'30 31

Bank-31

102



E22 =] >(=E'J

I\ 55
BECT—TJARDOALYRA, B> (27’7’67@7’1(&*‘\ I\ FREIFEELRL

0 71 T2 T3 T4 T5 T6 T7 T8 T9 T10 T-30 T-31
Byte-address: 0 4 12 20 24 38 4 44 12p 124 128
0 1 2 3 5 6 7 8 9 10 30 | 31
21 33
\ A ’ LN B ] \ }

Bank-0 Bank-1 Bank-31

103



HEAEY

N DsR =L

BUNOICTIEALTE. ENHARUT RUATH UK, THEREIFE T LR
(NILFFrAR)

- 1T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T-30 T-31
Byte-address: 0 12 1 20 28 32 38 4 -= 12 12 128
0 | 1 I 2 3 4 } 5 |~6'T 7 8 9 110 30 | 31
32 | 33 e
\ A } L B \ ’

Bank-0 Bank-1 Bank-31



HEAEY

2way /\>IERE
JSOONEIUT, D VRUANERDE. N UGRENFES

0 71 T2 T3 T4 T5 T6 T7 T8 T9 T10 T30 T-31
Byte-address: 0 8l 12] 16} 20 2 28] 32 38l 4 44 12p 124 128
0 1 2 3 4 5 6 7 8 9 10 :'30 31
32 |33 e
\ A ’ [ N I ] \‘ ,—J

Bank-0 Bank-1 Bank-31

105
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HEAEY

2way /\>IERE
JSOONEIUT, D VRUANERDE. N UGRENFES

0 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T-30 T-31
Byte-address: 0 12§ 16) 20 2 280 32 380 4 44 12P 121 128
0 2 3 4 5 6 7 8 9 10 '30 31
32 [
\ A ’ L B ] \‘ FJ

Bank-0 Bank-1 Bank-31

106 <A NVIDIA.



HEAEY

3way /\>U8RE
JSOONEIUT, D VRUANERDE. N UGRENFES

0 71 T2 T3 T4 T5 T6 T7 T8 T9 T10 T30 T-31
Byte-address: 0 12§ 16 2 28 32 381 4 44 12 121 128
0 2 3 4 5 6 7 8 9 10 30 | 31
32 | 33 e
\ A ’ L N B k—‘ '—J

Bank-0 Bank-1 Bank-31

107

<A NVIDIA.



HEAEY

4BLALF: char, short, int, float
232V RO EFICTITR
8B: long long, double, int2, float2

2’877\1_7\“: ERADIT—A(CHIF16 ALY R 7 IR, IRIT—A(TFED16 ALY R Y

16B: int4, float4, double2
471—X: BIT—AT8ALYRN IR
)>RS BII-ANTHETS

IIIIIII



HEAEY

{7TZJ( /\,/{7 E:,H\L/

T-0 T1 T-2 T3 T4 T-5

Phase1
Byte-address: 0 4 8 12 16 20 2 28 32) 38 4 44

-0 Bank-1

Phase2

T-16 T-17 T-18 T-19 T-20 T-21

T-15

12

124 128

T-31

Bank-31

109
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HEAEY

8BVt A. 2way J\>I5RE

T-0 T1 T-2 T3 T4 T-5

Phase1
(2 way conflict)

Byte-address: 0

Phase2
(no conflict)

Bark-0 Bank-1

T-16 T-17 T-18 T-19 T-20 T-21

T-15

12

D 124 128

Bank-31

T-31

110

<A NVIDIA.
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2
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s EUERs 0 b

Bll: 1750H A X: 32x32. T—H8Y: float. ALYRIOYIAZIR: 32x32 (1024 ALY R) 1211314 | 15
HEAEVER:
3232AARDHABAEUZES (l: __shared__ float sm[32][32])
J—THE(C. DRAMLEOANITIZ 11THRHALL. TNZHEBAEID11T(CESAH
ALY REITREIER (__syncthreads)
J—J8B(. EBXEUARDAS1THZ  7I5RAHHU. ENEESITTHID15TELTDRAMICEZ A H
ZNT. DRAM7 7 A(31T85t AL U/ ITEZIAHERD, nalveE R LDERL
HEXEUNDTITAS?

112 <INVIDIA )



B ATVERG

I—TOEBEXEINOEEIAH (1T771R)

010160 0
11111 1
21212 2
3113131 |1 31

HEXEY

D—JOHBEAEIDOFHHL (FIT7IER)

__shared__ float sm[32][32])

(*) BFRO-TES. &

IS

32way /\>URE

O 1] 2 131
O 11| 2 131
O 1] 2 131
O 1] 2 131

113

NVIDIA.



B ATVERG e

D—TOHBEATINDESAH (1T771R) D—-JOHRBAERUDGTHHEU ( )
0O]J]O0O}|O0¢}10 0|11 2 31
HBEXEY
T 11 _ shared__ float sm[32][32+1] O 1|2 }q31
21212 42 INT4>7 ol 11 2 1131
31| 31| 31 {1 31 oO| 1] 2 |~131

(*) BFEO-TES. &) VIES

114 NVIDIA.



HEAEY

J0U3LAEIETDMEFHDN MRAREL T, BARYY—-X
=/ RiE (Volta: 14TB/s. Turing: 8TB/s)
FoEESE
Voltaid5, ALy RI 0w IzN96KBE TESZEN AT HE
J\UEREIOER

IR EOFEEIRRETOT 75— TR TED

IIIIIII



L 1 :F'\7“J:/1 | Turing SM
Pascal - Volta/Turing el ——

Volta/Turingh'5. L1Fvw> 1 (3HBXEUEETS (Pascalld s Bt)
Pascal DL1F4w> 1ELEART, LD RIE. BHELE
JU>RIE: Pascal: <3 TB/s. Volta: 14 TB/s. Turing: 8 TB/s
YA X(IE]Z: Volta: 32~128 KB. Turing: 32 or 64 KB
HEAEUDOY A HEIRIREE
PascalX CEHBAENERANIERE LAERT—ATH.

Volta/TuringldL1Fvy> INERBOTHBEAEVZEDRCTHIERE

D\Hjé ? —— RT CORE
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index = ix + nx * iy;
res = coef[@] * in[index];
for (i = @; i <= RADIUS; i++) {

res += coef[i] * (in[index-i] +
in[index+i] + OO0
in[index-i*nx] +

in[index+i*nx]);

}

out[index] = res;

HBEXEUEE:
ALY RIOYIRDALY RMSSIEEN ZECHinDEZR%Z . DRAMDSERHHU. HBEXEUIC/RTF
ACAinDERE HBXEINSHABUTRT O IINETEZETT



_— N |
2DAFI I H
HEXBYEE (I B. L1FvvI 1= =D 4ERE

RADIUS=1 RADIUS=2

103% 102%

78%

55%

Pascal Volta Pascal Volta

PascalT(d. BICHEATBIEENGE
VoltaTl&. EEMNNESVIZEE. L1FvyI1EEDOAHEE
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2DAFII S
HEAFYRICHT T, L1Fvv 1RO 4ERE

RADIUS=4 RADIUS=8 RADIUS=16

94% 95%

79%

407%

29%

Pascal Volta Pascal Volta Pascal Volta

HIENKREIRBE. VoltaTh, HBEXEVEER
UNU. PascaletbnNdE. HBEXEUZERE tL12FT'

\I/ :“]I'
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VOLTA AND TURING

Pascalh'oiE L. Z<DkEEZzHH

Volta (cc70)

Tesla V100
(GV100)

Tu ring (cc75)

QUADRO

QUADRO RTX6000
(Tu102)

Tesla P100 (GP100)

QUADRO P6000 (GP102)



R J

<SANVIDIA

N

\

&
i

|
:
! l |
4 / : A - | . i
/ N
A4 S X
\‘\ 4 7
h -
>
// '
4./ ““\(
’ ,
/
‘ ,
,
7,
| A/‘r-n —
»




