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VOLTAICX T it 547

Tesla V100

Volta7—F77UFv

Tensord/’

NVLink

IndependentALYRRT 31U

CUDA 9DHIE

CuBLAS (ZE(CDLE)F)
NPP ([E{5R4ULIE)
CUFFT (1E54LIE)
cuSolver

FEMBALYRI I -T
B 7 IV TU R LOHSRAL

ALy RIOvIRIDREEA (over SM
or GPU)

- 0B R SEE

Unified Memory 70771

NVLinkBJ 31k
4664 4864 1S4

2 <NVIDIA.



VOLTAXJits



TESLA V100D

Volta?7 —F7IFv

Most Productive GPU

NVLink&HBM2Dei=E

Efficient Bandwidth

Volta MPS

Inference Utilization

SIMTET LD =

-,

New Algorithms

Tensord7)’

125 Programmable
TFLOPS Deep Learning

DLEHPCOM)S [CERIER GPU

4 <ANVIDIA.




VOLTA: RERAXMBEANIDDIVSY

Accelerated
Science

Al Exascale

Today Performance

o Leadership

| ENERGY ENERGY [

RAPTOR SPECFEM

3+EFLOPS (10)4 5-10X

Tensor Ops )
Perf Over Titan Application Perf Over Titan




T AT—)V(FP64)ICMIFT

Volta: K

Relative to Tesla P100

1.8
1.6
1.4
1.2

[

0.8
0.6
0.4
0.2

EH

ERAIRIEZANI>DDI> DY

HPCA>FX—2 -7 1E8EE (P100 = V100)

DGEMM FFT Physics Seismic Finance STREAM
(QUDA) (STAC-A2)

System Config Info: 2X Xeon E5-2690 v4, 2.6GHz, w/ 1X Tesla
P100 or V100. V100 measured on pre-production hardware.

L 2=y Vo
g == a8
E2Ar2Th

'ENERGY J
- OAK
_ RIDGE SRIDGE

Summit
__Supercomputer
200+ PetaFlops

~3,400 Nodes
-~ 10 Megawatts




TENSORJY

BEemaETYETEIZYN

Ax4D1THDEINEREZ1YA V) CeTE I D4EE (128EE/HYI)
1THIDFMA (Fused Multiply-Add)

D =

FP16 or FP32

FP16 or FP32

7 <NVIDIA.



TENSORA7 DiEDONT

16x16D1THIDIEFIESZ. T—TLAIL(32ALY R) THRFEU TEIT
32ZLwR)

QééﬁéééﬁQQQQQQQQQQQQQQQQQQQQQQQQ

Tensord 7Z{EL), 16x161T5D
1T REIERZET

3359933593555935359553595369955



TENSOROA 7 D{EWVS

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

NVIDIA cuBLAS, cuDNN, TensorRT

VoltalBiHICESEALENT
IL—LT7—~4-517T5)

{

wmma:
wmma :
wmma:

wmma :

wmma :

wmma :

wmma :

wmma :

:fragment<matrix_a, ..> Amat;
:fragment<matrix_b, ..> Bmat;
:fragment<matrix_c, ..> Cmat;

:load_matrix_sync(Amat, a, 16);
:load_matrix_sync(Bmat, b, 16);
:fill_fragment(Cmat, 0.0f);

:mma_sync(Cmat, Amat, Bmat, Cmat);

:store_matrix_sync(d, Cmat, 16,
wmma: : row_major) ;

CUDA C++
WarpLNIVITHEET> T -k

o _SANVIA.



CUDA TENSOROY? 205324

16x16x16 Warp Matrix Multiply and Accumulate (WMMA)

£

D = |EREA +

\

FP16 or FP32 FP16 FP16 FP16 or FP32

D=AB +C

)



CUDA TENSORAY 2’09534

WMMA:; 175157 —48Y

wmma: : fragment<matrix_a, ..> Amat;

fragment
« Tensord7RAD{THIFT—458S

. &ALYRE. THIOBRO—EE. BHOLS
2H(CARFE (BN (EHRAR)

« D—TJULARNIE2ALYR)T, 1TH0EERZR
FFINIELLneLsEZx

o JERDALYRENIDITIIERELEA, LTSRS
=% HIR

11 <A NVIDIA.



CUDA TENSORAZ 2095324

WMMA: O— Raps

wmma: : load_matrix_sync(Amat, a, stride);

load_matrix_sync
- Tensord74THAMO— RepH

o DJ—TJHIT. XE) EDITHIEZR{E%. fragment
F—AB(CO-R

éééééééé%Q%QQ%Q%QQ%%Q%%Q




CUDA TENSOROY? 205324

WMMA: 1T5IZRE

wmma: :mma_sync(Dmat, Amat, Bmat, Cmat);

mma_sync
« Tensord7Zz{ERAUT. 1THEEZELT

D = +




CUDA TENSORAZ 2095324

WMMA: X N78r5
wmma: :store_matrix_sync(d, Dmat, stride);

load_store_sync
« Tensord7{THRADAN 85T

« J—TJHfIT. fragmentT—4%E FDITHER%,
AEUICANY

Qé%%éﬁé%é%ﬁé%é%é%Qé%é%ém.




TENSOROA 7 D{EWVS

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

NVIDIA cuBLAS, cuDNN, TensorRT

VoltalBiHICESEALENT
IL—LT7—~4-517T5)

{

wmma:
wmma :
wmma:

wmma :

wmma :

wmma :

wmma :

wmma :

:fragment<matrix_a, ..> Amat;
:fragment<matrix_b, ..> Bmat;
:fragment<matrix_c, ..> Cmat;

:load_matrix_sync(Amat, a, 16);
:load_matrix_sync(Bmat, b, 16);
:fill_fragment(Cmat, 0.0f);

:mma_sync(Cmat, Amat, Bmat, Cmat);

:store_matrix_sync(d, Cmat, 16,

wmma: : row_major) ;

CUDA C++

WarpLNIVITHEET> T -k

15 <A NVIDIA.



VOLTA INDEPENDENT THREAD SHCEDULING

Pascal&¥T

e, [N E AT

and Stack (S)
Warp(32ALvR)&I(C. PC(E1D

Convergence

5 0550005565933699336935699386

ALY REB(CPCHFRTE. BRICRT>1-Y> I h el




WARPEIRAHEIL RA 2 BEEEX
AL R[E]HA
7974 TBALYR(PCORUALY R)DEVS

ALY R DT —53ZHA

(*) fERD __shfl, _ ballot, __any, _ all (. CUDA 9Cdeprecated



WARPEIRAD OV 5=

PIEOHZTOT 5 LTE, WarpldD et - £S5 T REIT

if (;:‘Pjreadldx.x < 4) { diverged diverged

Tse — u a
e o : ZZTWarpPIm32 3 B i BB
} ALYRAEIEALT i - | =

WAFREEIR 0N — = = = o -

* 32ZLyREEARST * = = =
/ g 7 T——— N ; __—
55 Cihresdmd < 5 4 converse Byt

X3
} else { rEp e S g

Y FEEAOWarpEIRAZEIIRELIETNT 3327 (3R

; HEHTVoltahs (Voltall@iTe. ZRTERNRE...)

18

NVIDIA.



ISEANBWARPEIRADO DY S )

WarplCBUT. BLUFOZEZIRELTLD

1. ALYREBEETS 2. ALy RFOVIRTYITEITIS
if (threadldx.x < 16) if (__activemask() == Oxffffffff) {
A; assert(__activemask() = Oxffffffff);
else }
B;

assert(__activemask() = Oxffffffff);

19 NVIDIA.



ISEANBWARPEIRADO DY S )

WarplCBUT. BLUFOZEZIRELTLD

1. ALYRIFBESET S 2. ALY RFOVIRATYIEITIS
if (threadldx.x < 16) if (__activemask() == Oxffffffff) {
A; assert(__activemask() = Oxffffffff);
else }
B;

assert(__activemask() = Oxffffffff); E55% . Trueld i AIREEF (AL

B REVBWarpEEANE

ZDIzs. CUDA 9TWarp[EIHADBuUild-in
BEEVZIEN - e

20 NVIDIA.



. BEAEVZ{ERUE
J—-J ALY FRIREDUCTION

shmem{[tid] = v; shmem|tid] = v;
v += shmem|tid+16]; vV += shmem|tid+16];
shmem[tid] = v; shmem|tid] = v;
v += shmem]tid+8 vV += shmem|tid+8];
shmem[tid] = v; shmem[tid] = v;
Vv += shmem(tid+4 v += shmem{[tid+4];
shmem(tid] = v shmem[tid] = v;
4= SET 2 v += shmem[tid+2];

shmem([tid] = v;
v += shmem[tid+1
shmem([tid] = v;

shmemltid] = v;
vV += shmem|tid+1];
shmemltid] = v;

CNE. BETERV

21 NVIDIA.
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CUDA 9: 147 U=

Tensor 17 0EH cUBLAS: RNNsfIlFGEMMEE(r SIS
CUBLAS: VoltalCEiE{tLIzGEMMs NPP: E{FAULIEDEERIL

£3514735: I<ICVoltaz EBEZFEIE CUFFT: B4 1381 ADFFTERE1L

#7NIUXA 1AM

cUSOLVER: YJLFGPUMBIFER(TEI - [ CUDAZA TSR DI\ —=

THIVIVN—. BB1T5 | BB ERRT (without CUDA driver, runtime,
_ etc.)
nvGRAPH: T&{256#R3R (BFS). 75 A%Y - a
NPP: 2131t
23 <NVIDIA.

>/ Triangle-Counting. J5J1& A - i
t




Relative Performance

1.8

1.6

1.4

1.2

0.8

0.6

0.4

0.2

cuBLAS: GEMMSTHRECRE

Volta Tensor_1)’

FP32

B P100 (CUDA 8)
H V100 (CUDA 9)

8 I

1024 2048 4096
Matrix Size (M=N=K)

10

00

1.

[e)]

Relative Performance
= N w B (6]

o

+ CUDA 9

Mixed Precision (FP16 Input, FP32 compute)

Hm P100 (CUDA 8)
m V100 Tensor Cores (CUDA 9)

0. 3x
II I

1024 2048
Matrix Size (M=N=K)

4096

24 <ANVIDIA.



cuBLAS: cublasGemmEx() “
7V JUX LERH E]EE (CUDA 8h'5) “

cublasStatus_t cublasGemmEx({cublasHandle t handle,

Cublosoperation ¢ Sranca. | STEHDTILTUZ LSRR T8
cublasOperation_t transb,

int m, CUBLAS_GEMM_ALGO[0:17]

et votd  *alohs, CUBLAS_GEMM_DFALT: E&h#EiR

const wvoid *A,

cuda;ataType_t Aiype,

int 1lda,

const void =g, Tensor_1)’

cudaDataType t Btype, g ) N . .

tne 1ab, © SIBEOT I TUZ LSRR AT
;ﬂgﬂmwe_t e, CUBLAS_GEMM_ALGO[0:2]_TENSOR_OP
e et comouteType, CUBLAS_GEMM_DFALT_TENSOR_OP: E3&f
cublasGemmAlgo t algo) i;%}f{

25 <4 NVIDIA.



CUFFT, NPP

CUDA 8LEERTRAR2EDERIL IPPtttNT?jﬂOOFOD'I‘E‘“‘
1D, 2D, 3D —>JOovys >, AoE1-9E>3>
m1D m2D m 3D
o 2.5x Morphological Ops. I
<
% 2.0x JPEG m—
g 1.5x Geometry Transforms IEE————
ENRE Filters m—
2 0.5x
O Color Proc. s
o 0.0x
16384 4194304 0x 50X 100x
Data Size Speedup Vs. IPP**

*V100 and CUDA 9 (r384); Intel Xeon Broadwell, dual socket, E5-2698 v4@ 2.6GHz, 3.5GHz Turbo with Ubuntu 14.04.5 x86_64 with 128GB System Memory
*P100 and CUDA 8 (r361); For cublas CUDA 8 (r361): Intel Xeon Haswell, single-socket, 16-core E5-2698 v3@ 2.3GHz, 3.6GHz Turbo with CentOS 7.2 x86-64 with 128GB System Memory
** CPU system running IPP: Intel Xeon Haswell single-socket 16-core E5-2698 v3@ 2.3GHz, 3.6GHz Turbo Ubuntu 14.04.5 x86_64 with 128GB System Memory



cuSOLVER: ¥IEEA—ADEEEYVILIN—

17554 X128~256F TIIMKLLDEIE

speedup = syevj/mkl
32 0.008 0.04 0.004 .
64 0.03 0.15 0.04 ;
128 0.11 0.46 0.19 :
256 0.50 1.05 1.30 5
512 1.42 2.88 5.19 T
1024 3.00 4.56 15.26 2
2048 5.56 5.96 32.66 :,
4096 5.93 7.35 43 66 912 1024 2048 4096 8192
8192 4.85 9.80 48.35 ez

CPU:E5-2690v2, GPU:K40



cuSOLVER: ¥IEEA—ADEEEYVILIN—

JNWFEIT (BITHIDOYAX:32x32)

MKL, 16 threads

0
9
8
7
6
]
4
3
P
1
0

batchSize

CPU:E5-2690v2, GPU:K40



CUTLASS: FAST LINER ALGEBRA IN CUDA C++

I A |
e R M I |
. N | O . D 1o ; e
Blocked GEM\M—I R Thread Block Tile  Warp Tile - Thread Tile
Global memory Sha::d mmmmm Y Regi;er File SM C;l_JDA Cores

1—-HOCUDAN—RIVOISERTES. &ERERITHIFEC++T>TL— b
DL VDA (. 1THFEDMRHEDE

CUDADOHR 4 IRPEIETHIFHB] e
FINAZLANIL, TOVvILARIL, T=TUAR)IL. ALYRLAL

29

NVIDIA.


https://github.com/NVIDIA/cutlass

CUTLASSODT4HEE (3ICUBLAS)

NVIDIA Tesla V100 GEMMs
CUTLASS performance relative to cuBLAS
0% 0% 0% 0% 40% 0% 60% 0% 80% 90% 00%
SGEMM NN
SGEMM NT
SGEMM TN
MMMMM 1T I ——

CUBLASEBERER L VIERER .
CUDA C++LA)VTZEIR

- T—%Z4: FP16, FP32, FP64,
INT

- Tensord7Xt%

© ATHRIT=HLA7TBR: NN, NT,
TN, TT

30 <4NVIDIA.



COOPERATIVE GROUPS



COOPERATIVE GROUPS
25 =5V CREMEDE L\ Ay REFEIEA - BEHAE

RABVETDALYRIIN T, T&-DE|-BEHIZ2EH(CITS
AT =FIWRIN-THAX: FALYR~EZ YR Thread Block Group
BB I — TR - 4 EIVETAE i
CUDAEL THAR— K \ 4
“ W B|# M Thread Groups
B~ T4 R &I\~ RO T 7 &5RIR i uuﬁujfaim uliGuupuu -
Keplertt X A2 DGPUTHIFHA]EE

32 <4NVIDIA.
* Note: Multi-Block and Mult-Device Cooperative Groups are only supported on Pascal and above GPUs



ZiRIB ALY FlEIHAZ 5 EEIC

ALYRI OYIA

RREMFISAL YR
V=T BNEIICAERLL.
&I —TTHEHA

Sync

3DDART—=)

> IVGPUR
(SMEIDEIRA)

Ay RI Oy RO EEA

NJVFGPU[E]
(GPURIDREIRA)

L W7 W il

sync

33 <4 NVIDIA.



D—IARTODALY REIRA

CUDA 8 ¥T

__syncthreads(): block level
synchronization barrier in CUDA

34 <ANVIDIA.



D—FIARTODALY REIRA

INEWI -

CUDA 9 n'5

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();

ALwRJOvY

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

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

REWVIN-T

35 <4 NVIDIA.



COOPERATIVEI =T
SFEFEDI IV —T

JIL—=TDXIy R

- size() ... ALYRER

- thread_rank() ... ALYRDID
- sync() ... ALY RREIEHA

Thread Group

Coalesced Th read
Group Thread BlOCk

Block
Tile



COOPERATIVEI N =7’
Thread Block'5. Thread Block Tile(B 74 IL—7) &4 %

thread_group block = this_thread_block();
this_thread_block()(&. BThread Block(CXH ity

Thread Block
block.sync();

A
__synchthreads()&Z5 i

thread_group tile32 = tiled_partition(block, 32); |

PDEVED Thread Groups

W W W W W e

Thread Block'5. 32Xy RO IL—T%VERK
tile32.sync();
), — vREET. [G]H “
thread_group tile4 = tiled_partition(tile32, 4); 2"NICHIPR (CUDA9.0)

ﬁ I)'FEE' EI"J 7;:!2 'U'jj) l/ - j)'f"IEEE:BE_[ ﬁg 37 <ANVIDIA.



COOPERATIVEI V=T

Thread Block (~1024ZXLvR) Warp (32ALwR)
g = oF g = ( (), 32);
val = reduce(g, shmem, myval); val = reduce(g, shmem, myval);

__device  int reduce( g, int *shmem, int val) {
int myRank = g. ();
for (int i = g. ()/2; i >0; i /=2) {
shmem[myRank] = val; g. ();
val += shmem[myRank ~ i]; g. ();
} ] .
return val; /5l reduction
} (HEBAEVER)

38 NVIDIA.



THREAD BLOCK TILE

J—JANALY RREEB{EBuild-inBa#z{E %3

.shfl()
.shfl down()
.shfl up()
.shfl xor()
.any()
.all()
.ballot()
.match_any()
.match_all()

template <unsigned size>

__device  int reduce( g, int val) {
for (int i = g. ()/2; i >0; i /=2) {
val += g. (val, 1i);
} :
return val; il]‘ﬁ'] reduction

¥

(shfl_xor{£FH)

I IIVEFCHA AH DB EER
thread _group tile<32> tile32 = <32>( )
thread _group tile<4> tiled = <4>( )

NVIDIA.



COALESCED GROUP
BEFICERIUINAZEITUTVWBALYROT I —T

coalesced group active = coalesced threads(); YYYYYYYY Size: 8
if () { // start block

coalesced group gl = coalesced threads(); \ 2 \ 4 Size: 3

I 1 T - |
q
[1]

gl.thread_rank();

<
o

¥ // end block

active <ANVIDIA.

gl.shftl(value, 0);

g2 = tiled partition(gl, 2); Size: 2 and 1




i D

COALESCED GROUP
;%1 Array Push (B4 XARTE)

4 )
ENRRE
t0 t7
\ Thread Block O )

|

head

[

[T

t0

~

NE

t7

Thread Block 1




O 1 6 L

COALESCED GROUP
;%1 Array Push (B4 XAARTE)

-
ENRRE
t0 t7

\ Thread Block O

/

\Jead
N

J

t0
Thread Block 1

t7

~

HENE




COALESCED GROUP

__device  int atomicAggInc(int *head ptr)

{

coalesced group g = ()
int old head;

if (g. () == 0) {
old_head = atomicAdd(head_ptr, g. ())
}

int my _head = g. (old head, 0) + g. QOF
return my_ head;

43 NVIDIA.



COALESCED GROUP
;%1 Array Push (B4 XARTE)

i D

|

head

LT
t7

t0

\ Thread Block 0 )




COALESCED GROUP
;%1 Array Push (B4 XARTE)

my_head

o

t0
-

BN

Thread Block 0

J

head

my_head = atomicAgglinc(head);

45 <2 NVIDI



ATOMIC AGGREGATION

Cooperative Groups

coalesced group g =

int ret;
if (g. () ==0) {
ret = atomicAdd(ptr, g. ())
}
ret = g. (ret, 0);
return ret + g. ();

()

int mask

int rank =
int leader
int ret;
If (rank =
ret =
}
ret =
return ret

sCIRLPIVDE, EB5NY

Build-In Functions

0);
__popc(mask & ());
_lane = _ ffs(mask) - 1;

= 0) {
atomicAdd(p, _ popc(mask));

(mask, ret, leader_lane);
+ rank;

46

NVIDIA.



GRID GROUP
JUwRE T IVGPUYRD, ALY ROT ) —T
__global  kernel() {

grid group grid = this grid();
while (...) {

é;id.sync();
}
HHAPITH—RIIECE)

cudalLaunchCooperativeKernel(...);

EBIUEH—FRILDOEZ LY RY., BEF(CactivellRBMEHD (Persistent Kernel)

cudaOccupancyMaxActiveBlocksPerMultiprocessor(&numBlocksPerSm, kernel, numThreads, 0);

47 <ANVIDIA.



MULTI GRID GROUP
JIFITVYREIVFGPU)YARD, £ALYRODT I —T

__global _ kernel() {
multi_grid_group multi_grid = this_multi_grid();
while (...) {

}

¥

grid.sync();

GPUA

Block 0

Block 1

GPU B

Block 0

Block 1

Synchronize

FYVYVYY

48 <ANVIDIA.



MULTI GRID GROUP
JIFIVR(IVFGPUYRD, EALYROTIL—T

GPU A GPU B
Block 1 Block 0

Block 0 Block 1

BHHHAPITH—FILitcE)

struct cudalLaunchParams params[numDevices];

for (int 1 = @; 1 < numDevices; i++) {
params[i].func = (void*) kernel;
params[i].gridDim = dim3(...);
params[i].blockDim = dim3(...);

Synchronize

params[i].sharedMem = ...;
params[i].stream = ...;
params[i].args = ...;

}

cudalLaunchCooperativeKernelMultiDevice(params, numDevices);

49 <ANVIDIA.



Gl: BiF>=aLb—>3>

// threads update particles in parallel éo (‘1 éz é3
7 Ty 0mg’

»
[ Yad p‘ N

IIIIIIIII



Gl: fF>=1b—->3>

// threads update particles in parallel QO é1 QZ é3g1
integrate<<<blocks, threads, 0, s>>>(particles); I g L
: : LN ;
L %l 00
F===== r—==== T-==== o Ity :
P @Y i _ i
// Collide each particle with others in neighborhood +=-----+-----2--S-2———_- |

(*) RIFORIBNFEEIUILS. CUDARLY FADRIFORYE ) ZZEZTZEFIN, ER(CIETED

51

NVIDIA.



Gl: fF>=1b—->3>

7 Ty 0’

// threads update particles in parallel °* 0" .
integrate<<<blocks, threads, 0, s>>>(particles); 64 6 66 (:
7

oG (2 (g‘g?

L 1@ 1 a1
// Collide each particle with others in neighborhood i____::__ :___"_Q__.::
collide<<<blocks, threads, 0, s>>>(particles); ! .q"" 'E i- ':
e L A sl ]

(*) RIFORIBNFEEIUILS. CUDARLY FADRIFORYE ) ZZEZTZEFIN, ER(CIETED

52

NVIDIA.



GRID GROUPTHIF>Z1b—>3>
EEONIBE, 3> N~V THRIT

lobal void particleSim(Particle *p, int N
_8 _ p ( p ) { (o { 2 3
grid_group g = this_grid(); o’ ¥ -o’

for (i = g.thread rank(); 1 < N; i += g.size()) (*4 & 66 57

integrate(p[i]); = e m e — -2
oh b2 bl
g.sync() // GPUZAD[EIEA E"'TQ"'T";"'"
I I :----r--.::
for (i = g.thread rank(); 1 < N; i += g.size()) i.*.?.lt--.i.?z-i.---.i
collide(p[i], p, N); €5 66 67

}
cudaLaunchCooperativeKernel(..) CH—RJLICE)

53 <ANVIDIA.



\<I

MULTI-GRID GROUPTHIF>=1L—>3
SO NWH—FRI T KRAEREIREZ Y FGPUELT

__global  void particleSim(Particle *p, int N) {

multi_grid group g = this multi grid();

for (i = g.thread rank(); i < N; i += g.size()) e gézg @ @§2§ ‘@ @gzg o @gzg

integrate(p[i]); ..,‘.... ....... .«...... o* O ome’
fa & o 3646 O @ & {6 ¢¢4¢ {6 5
g.sync() // NIFGPUDETTHEE =0 @z———m—mmmmmmm—m————— -
..... oy gl o Loy b0 Los 4 b
for (i = g.thread rank(); i < N; i += g.size()) F¥;+f%gf}?"T:T”““T"T;T“T:T"ﬁff“
FoLIEBRLEL, Py B2 U - T R
}

cudaLaunchCooperativeKernelMultiDevice(..) CiCE}

54 <ANVIDIA.



O0— KRYY2J: COOPERATIVE GROUPS
SDZEERT ) —TVERK
EEIRIICEDS. TIV-TOE| (VoltaPfETE)
// EBEENMEICALYROTIN—-T

int label = foo() % 4;
thread _group block = partition(this_thread block(), label);

N A A e .

(*) A LRI =T, SIMTEITHERMET I20T. FohnE
32EDKREZHALI
thread _group g = tiled partition(this_thread block(), 64);

55 <4 NVIDIA.



O0—RYYJ": COOPERATIVE GROUPS

Reductions, sorting, prefix sum (scan), L.

// collective key-value sort using all threads in the block
( (), myValues, myKeys);

// collective scan-based allocate across block
int sz = myAllocationSize(); // amount each thread wants
int offset = s ( (), sz);

56

NVIDIA.



HFEY -



ZERIBRFEY -

VISUAL PROFILER = Analysis i . % Details| B} Console T Settings =n

= 1= Recults
=) =

®  ag i Compute, Memory, and Latency Bound
Trace CUDA activities 1. CUDA Application Analysis For devioe “Tesla C2050" the kemel's memory utilization is significantly lower than its compute utilization, These
2. Find Performance-Critical Kernels utilization levels indicate that the performance of the kemel is most likely being limited by computation on the SMs,

* Profile CUDA kernels 3. Compute, Memory, o Latency Bound
The first step f'l analyang an individual karnel is I
® Correlate performance instrumentation bounded by compulaton, ey, o ercy. a0 ] -
. o resulks ab nght indicate that the parformance
W|th Source Cﬂde of kemnel "LatencyDocupancyRegister” is most 1

kely hmited by compute, N Memn ory operations
I Control-flow operations
] Arithmetic operations

I Memory (Texture)

W, Perform Compute Analysis

* Expert-guided performance analysis

The most lik=ky battlensck to perfomance for this
kernel is compute se you should first perform compube
analysis to determine how K is Imiing pefommance

% Utilization

i, Perform Latency Analysis

N V P RO F dy, Perfarm Memory Analysis

Laterncy ard memony are lke=ly not the prlmany . R
performance bottlenecks far this kemel, but you may
® Collect Performance events and metrics A e e e A g

GPU LIBRARY ADVISOR CUDA-MEMCHECK CUDA-GDB

® Detect CUDA library optimization ® Detect out-of-bounds memory accesses ® Debug CUDA kernels with CLI
opportunities ® Detect race condition in memory accesses ® Debug CPU and GPU code
® Detect uninitialized variable accesses ® CPU and GPU core dump support

NVDISASM, CUOBJDUMP

Detect incorrect GPU thread synchronization
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CUDA-MEMCHECK

Cooperative Groups¥J/ity

LZETERVWarpREIHATOJ 53> D& (racecheck)

UNSAFE CODE RACECHECK OUTPUT

__device  char reduce(char val) {

extern _ shared_ char smem[];

const int tid = threadIdx.x;

#pragma unroll
for(int i = warpSize/2;
smem[tid] = val;
val += smem[tid ~ i];
}

return val;

i>» 8;

i/=2)A4

$ cuda-memcheck -tool racecheck --racecheck-report hazard ./a.out
=========(CUDA-MEMCHECK

========= WARN: (Warp Level Programming) Potential RAW hazard detected
at _ shared  @xf in block (8, @, @) :

========= Write Thread (15, @, @) at @x08000ed8 in
Jhome fuser/reduction.cu:32:kernel(void)

========= Read Thread (14, 9, @) at @x90000efd in
Jhome fuser/reduction.cu:33:kernel(void)
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NVVP: UNIFIED MEMORY 2’07714U>%
CPUR—ZT A=) MOERERBEFREY —Ad— REDOXT IMT 1T

Page Fault

NVIDIA Visual ProFiler

o = ™' i m S v =

© *NewSession1 2

0.225s ¢
= Process "jacobi” (6491)
[=| Thread 3456931712
“ Runtime API
* Driver APl
Profiling Overhead
= Unified Memory
“ 5 CPU Page Faults Il |
“ S Memory Thrashing
= [0] GeForce GTX TITAN X
=l Unified Memory
“ S Data Migration (DtoH)
- " Data Migration (HtoD)
“ SF Memory Thrashing

| | [
A R

R R R A TR W

Ce Analy 22 B cor = B8  [OProperties &2 = 8
&.  CPU Page Faults
& -t poF Results Timestamp 172.328ms (172,328
Virtual Address 0xbob1bfooo
1. CUDA Application J\nilys_ Memory Acccess Type Read
The guided analysis system walk: + Source Information
through the various analysis stag il . bi
you understand the optimization Source File Jacobi.cu
opportunities in your application Function Name main
become Familiar with the optimiz: Line number where the CPU page fFault occurred | 143
process, you can explore the indir
analysis stages in an unguided m PC offset of the CPU page Fault 4208894
optimizing your application it is ir Process 6491
to Fully utilize the compute and d

movement capabilities of the GPL

NVIDIA Visual Profiler

% *NewSession1 =l jacobi.cu B
std::swap(a,a _new);

// PUSH _RANGE("periodic boundary conditions"”

//Apply periedic boundary conditions
for (int ix = @; ix < nx; ++ix)

ay | al e*nx+ix]=a[ (ny-2)*nx+ix];
al(ny-1)*nx+ix]=al 1*nx+ix];
}
// POP_RANGE
if (@ == iter%lee )
std: :cout=<iter<<std::endl;
iter++;

1
CUDA_ CALL (cudaEventRecord(stop));

CUDA_CALL (cudaDeviceSynchronize());
// POP RANGE

Fi Analy 52 & cor o= @

rt poF Results

1. CUDA Application Analys

The guided analysis system walk:
through the various analysis stag
you understand the optimization
opportunities in your application
become Familiar with the optimiz:
process, you can explore the indir
analysis stages in an unguided m:
optimizing your application it is ir
to Fully utilize the compute and d
movement capabilities of the GPL

Correlation

= 0
- u
=
=
=
O Properties &2 = B8

CPU Page Faults

-

Timestamp

Vvirtual Address
Memory Acccess Type
Source Information

| 169.096 ms (169,09¢

Source File

Function Name

Line number where the CPU page Fault occurrefd |

PC offset of the CPU page fault
Process
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NVVP: UNIFIED MEMORY 1> FDEMN
(RABXEYRSEDEE DT

A UEEE E ITEA R

L 5F CPU Page Faults | | | | | | | | | | |
[=|5F Thrashing-Throttling | | | | | | |
= 5F Memory Thrashing | | | | |
= %F Page Throttling

- 5F Remote Map

| 11 | ] Ry RN
I Page Throttling [l _PageThrottling NENEN |
| I |

_Pa:

N |

[=| [0] Graphics Device
[=| Unified Memory
- 5F Data Migration (DtoH)

| | I | | |
e st T TITIIIT TIIIIT ] EEEEE 1 1N
EEIEEENE EREEERN i EEEN H BN

- T Data Migration (HtoD) 11111 | | 11 | | N AR
[=| ¥ Thrashing-Throttling | I

L 5F Memory Thrashing | n

= 5F Page Throttling I

- 5F Remote Map “

Remote Map

Page Throttling

Memory Thrashing
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NVLINKDZU> I DF)

20.13 MBs

2101 MBA ‘

G
Geaphics Device
20

200 GPU 3
aphics Device

Bl MBS

2052 MBn | 2059

MBS | 2087 Mas

2 MEss | 2086 MBS

GRu o 2055 GPU 2
Graphics Devica aphecs Devce
2006 M
2047 Mes maaue.nf

Color legend for NV Link topology links according to bandwidth utilization

B o000
B s0 0%
B o-so%
B c0-70%
Bl so-co0%
B 40-50%

30-40 %
B 20-30%
B 0-20%
Bl o 0%

>HL

Logical NVLink Properties

Peak Physical Pee
LogIAlNVLIK g3 ndwidth NVLinks Acc
CPUO<->GPU1 | 40GB/s | 1] Yes
GPUO<->GPUZ | 40GB/s 1 ves
CPUO<->GPU3 |  40GB/s 1] ves
GPUO<->GPU4 8/s 1 ves

PUO< | 0GB/ {

GPUIe->GPU2 |  40GB/s 1] Yee
GPUI<>GPU3 |  40GB/s 1| Yes
GPU1e->GPUS |  40GB/s 1| ves
GPU2<>GPU3 | 40GB/s 1| Yes
GPU2<->GPUS |  40GB/s 1 Yes
GPU3<->GPUT |  40GB/s 1| Yes
GPU4<->GPUS |  40GB/s 1 ves
GPU4<->GPU6 | 40GB/s 1| Yes
GPU4<->GPUT |  40GB/s 1] s
GPUS<->GPUS |  40GB/s | 1| ver
GPUS<->CPUT 200C8/s 1| Ye:
GPUG<->GPUT |  40GB/s 1] Yes

Logical NVLink Throughput

Logical NVLInk Avg Throughput Max Th

GPUO->GPU1
GPUO-GPUT |
GPUO->GPU2
GPUO<-GPU2 |
GPUO->GPU3
GPUO-GPU3 |
GPUD->GPU4
GPUOGPU4 |
GPU1->GPU2

20.518 MB/s
20.524M8B/s |
20.652 MB/s
20,659 MB/s |
20,602 MB/s
20.607 MB/s |
20,469 MB/s
20.467 MB/s |
20.583 MB/s

16
16
16
16
13
13

15

DGX1
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VOLTAICX T it 547

Tesla V100

Volta7—F77UFv

Tensord/’

NVLink

IndependentALYRRT 31U

CUDA 9DHIE

CuBLAS (ZE(CDLE)F)
NPP ([E{5R4ULIE)
CUFFT (1E54LIE)
cuSolver

FEMBALYRI I -T
B 7 IV TU R LOHSRAL

ALy RIOvIRIDREEA (over SM
or GPU)

- 0B R SEE

Unified Memory 70771

NVLinkBJ 31k
4664 4864 1S4
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CUDA 9.1

@ANVIDIA ACCELERATED COMPUTING Downloads  Training  Ecosystem  Forums Q Login

CUDA 9.1 - Coming Soon

CUDA 9.1 brings new algorithms and optimizations that speed up Al and HPC apps on Volta GPUs. With this release you can:

« Develop image augmentation algorithms for deep learning easily with new functions in NVIDIA Performance Primitives

« Run batched neural machine translations and sequence modeling operations on Volta Tensor cores using new APls in cuBLAS
« Solve large 20 and 3D FFT problems more efficiently on multi-GPU systems with new heuristics in cuFFT

+ Launch kernels up to 12x faster with new core optimizations

CUDA 9.1 also includes compiler optimizations, support for new developer tool versions and bug fixes.






