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Tensor Core

D =

FP16 or FP32 FP16 or FP32

« FMA: D=A*B+C Doo = Ap,0 * Boo + Ap1 * B1o + Ag2 * By + Ag3 * B3 + Cop
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Tensor Core

D =

FP16 or FP32

FP16 or FP32

Doo = Ap,o * Boo + Ap,1 * B1o + A2 * By + Ag3 *B3o + Cop

Dyjg =A10*Bp1+A411*By1+A41,%By1 +A13xB31 + (14
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Tensor Core

D =

FP16 or FP32

FP16 or FP32

Doo = Ap,o * Boo + Ap1 * B1o + A2 * By + Ags * B3+ Cop

Dyg =A10%Bp1 +A411*By1+A41,%By1 +A13+%B31 + (14

D33 =A30%*Bg3+Azq*B13+ A3, *By3+ A3z3*B33+ (33
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VOLTA Sub-Core 312214
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LI'l$
. ! .
Sub-Core BRU
(I Branch/clk) LO I$ Constant $
Warp Scheduler
(I Warp Inst/clk)
Math Dispatch Unit MIO Queue
(1 warp inst/clk) (Load/Store/TEX)
Tensor Core
Two 4x4x4 tensor/clk + * * *
FPé64 INT FP32 MUFU
8 DFMA/clk 16/clk 16 FFMA/clk 4/clk
Register File
(512 * 32-threads * 32-bits)
. A J
v \/
MIO Datapath MIO Scheduler
(64B/clk) (I warp inst / 2 clk)

Warp Scheduler
| Warp instr/clk
LO I$, branch unit
Math Dispatch Unit
Keeps 2+ Datapaths Busy
MIO Instruction Queue
Hold for later Scheduling
Tensor Cores

Two 4x4x4 matric
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VOLTA SM

LO Instruction Cache

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

Register File (16,384 x 32-bit)

INT FP32 FP32
FP32 FP32
FPI2 FP32
FP32 FP32
FP32 FP32 CORE
FP32 FP32
FP32 FPR2

FP32 FP32
Lo LD LD LD
ST ST ST ST
LO Instruction Cache
Warp Scheduler (32 thread/clk)
Dispatch Unit (32 threadiclk)

Register File (16,384 x 32-bit)

TENSOR TENSOR

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

Register File (16,384 x 32-bit)

INT FP32 FP32
INT FP32 FP32
FPI2 FP32
FP32 FP32
FP32 FPI2 CORE

FP32 FP32

LO Instruction Cache
Warp Scheduler (32 threadi/clk)
Dispatch Unit (32 threadiclk)

Register File (16,384 x 32-bit)

TENSOR TENSOR

‘SM

LI I$

Sub- Sub-
Core Core

INT FP32 FP32 FP64 INT INT FP32 FP32
FP32 FP32 FP64 INT FP32 FP32
FP32 FP32 FP84 INT FP32 FP32

FP32 FP32 FPe4 INT FP32 FP32

TENSOR TENSOR TENSOR TENSOR

FPa fPs | CORE ['CORE FP64  INT B Bl | CORE! ICORE

FP32 FP32 P64 INT FP32 FP32
FP32 FP32 FP64 INT FP32 FP32

W LY LD LD
ST ST ST ST

W L LD
ST ST ST

SFU

128KB L1 Data Cache / Shared Memory

Tex Tex

N\ J
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High Level Block Diagram

Bj,l Ay Bj,z Az Bj,s

Doo = Ao * Boo + Ag,1 * B1o +Ag2 * Byo + Ag3 * B3

»

Dl,_]

}

Ay

Bjo Aj
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High Level Block Diagram

A - ONWw

Ay

n

Bio Ay, B;.1 A

2,

Dl,]

B

i Bj» Az Bj 3

| 6bit

| 6bit

| 6bit

| 6bit

| 6bit

| 6bit

| 6bit

| 6bit

Doo = Ao * Boo + Ag,1 * B1o +Ag2 * Byo + Ag3 * B3

Huawei Confidential. Ascend

A — O w

www.hiascend.com



http://www.hiascend.com/

14

High Level Block Diagram

A - ONWw

Ay

n

Bio Ay, B;.1 A

2,

Dl,]

B

i Bj» Az Bj 3

| 6bit

| 6bit

| 6bit

| 6bit

| 6bit

| 6bit

| 6bit

| 6bit

Doo = Ao * Boo + Ag,1 * B1o +Ag2 * Byo + Ag3 * B3
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High Level Block Diagram

BO,O B1 ,0 B2,O BS,O

L]

Ao,o(t) -
Ao,1 (t) —
Ao,z(t) -
Ao,s(t) -

15 Huawei Confidential. Ascend www.hiascen d.com
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High Level Block Diagram

Bi,0 Bi,1 Bi,2 Bi,3
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ulnstruct

Mul O

Mul 0

Add 0

Add |

Round

Huawei Confidential. Ascend

Time
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Mul 0

Add 0

Add |

Round
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Mul O

Add 0

Add |

Round
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Mul 0

Add 0

Add |

Round
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Mul 0

Add 0

Add |

Huawei Confidential. Ascend

Mul 0

Add 0

Add |

Mul 0

Add 0

Add |

Mul O

Add 0

Add |

Round
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Mul O Add 0 Add |
Mul O Add 0 Add |
Mul O Add 0 Add | Mul O Add 0 Add |
Mul O Add 0 Add | Mul O Add 0 Add | Round
Mul O Add 0 Add |
Mul O Add 0 Add | Round
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;E 7lllb k

22 Huawei Confidential. Ascend

IAdd 0 Add |
I Mul O Add 0 Add |
IMuI 0 Add 0 Add | Mul O Add 0 Add |
I Mul O Add 0 Add | Mul O Add 0 Add | Round
Mul O Add 0 Add | Mul O Add 0 Add |
Mul O Add 0 Add | Mul O Add 0 Add | Round
Mul O Add 0 Add | Mul O Add 0 Add |
Mul O Add 0 Add | Mul O Add 0 Add | Round
Mul O Add 0 Add | Mul O Add 0 Add |
Mul O Add 0 Add | Mul O Add 0 Add | Roml
Mul O Add 0 Add | I
Mul O Add 0 Adql
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Add 0 Add |
Add | Mul O Add 0 Add | Roun
Mul O Add 0 Add |
Add 0 Add | Mul O Add 0 Add Round
Mul O Add 0 Add |
Mul O Add 0 Add | Mul O Add ( /[\dd |
Mul O Add 0 Add hul 0 Add 0 Add | Round
Mul O Add 0 Add | Mul C *\dd 0 Add |
Mul O Add /l\dd I Mul O Add 0 Add | Round
Mul 0 Add 0 Add Mul 0 Add 0 Add |
Mul ( dd 0 Add | Mul 0 Add 0 Add | Round
Mul O Add ,*\dd | Mul O Add 0 Add |
”Iul 0 Add 0 Add | Mul O Add 0 Add | Rounc
Mul Q dd 0 Add | Mul O Add 0 Add | I
Mul O Add 0 Add | Mul O Add 0 Add II
23 Huawei Confidential. Ascend ul 0 Add 0 Add | Mul O Add 0 Add |
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Add 0 Add |
Add | Mul O Add 0 Add | Roun
Mul O Add 0 Add |
Add 0 Add | Mul O Add 0 Add Round
Mul O Add 0 Add |
Mul O Add 0 Add | Mul O Add ( /[\dd |
Mul O Add 0 Add hul 0 Add 0 Add | Round
Mul O Add 0 Add | Mul C *\dd 0 Add |
Mul O Add /l\dd I Mul O Add 0 Add | Round
Mul 0 Add 0 Add Mul 0 Add 0 Add |
Mul ( dd 0 Add | Mul 0 Add 0 Add | Round
Mul O Add ,*\dd | Mul O Add 0 Add |
”Iul 0 Add 0 Add | Mul O Add 0 Add | Rounc
Mul Q dd 0 Add | Mul O Add 0 Add | I
Mul O Add 0 Add | Mul O Add 0 Add II
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Add 0 Add |
Add | Mul O Add 0 Add | Roun
Mul O Add 0 Add |
Add 0 Add | Mul O Add 0 Add Round
Mul O Add 0 Add |
Mul O Add 0 Add | Mul O Add ( /[\dd I
Mul O Add 0 Add ”Iul 0 Add 0 Add | Round
Mul O Add 0 Add | Mul Q kdd 0 Add |
Mul O Add /I\dd I Mul O Add 0 Add | Round
Mul O Add 0 Add Mul 0 Add 0 Add |
Mul @ dd 0 Add | Mul O Add 0 Add | Round
Mul O Add *«dd I Mul O Add 0 Add |
#’Iul 0 Add 0 Add | Mul O Add 0 Add | Rounc
Mul Q dd 0 Add | Mul O Add 0 Add | I
Mul O Add 0 Add | Mul O Add 0 Add II
2% Hoawei Confidential. Ascond ul 0 Add 0 Add | Mul O Add 0 Add |
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PRt BiE - LEE T ENEFES B

HTCUDAIRMLZELYRFE Generic Programing

L1 [ 1 ]
o EE EEEN|EEEE
o | O | ] ;
Blocked GEMM Thread Block Tile Warp Tile Thread Tile

C = AXB

27 Huawei Confidential. Ascend
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B ARYERESE : —IRiTE—/MEFR

S ‘ 524 el IAS —_—
B NEEIEEINERE Loop nest ¥53/93R blocks ,
. . B matrix
X193 B9 Mtile-by-Ntile BYIRN 7RG
LAY . . . S —
H1g A Mtile-by-Ntile-by-Ktile BUREFESRFA ST 2B 3N
}Kti/e
for (int mb = @; mb < M; mb += Mtile) Ntile
for (int nb = @; nb < N; nb += Ntile)
for (int kb = @; kb < K; kb += Ktile)
{
// compute Mtile-by-Ntile-by-Ktile matrix product
for (int k = 0; k < Ktile; ++k) K
for (int i = 0; i < Mtile; ++1i) A matrix C matrix
for (int j = @; j < Ntile; ++j)
{
int row = mb + 1i;
int col = nb + j; M Block
m,n
C[row][col] += - wtil
Alrow][kb + k] * B[kb + k][col]; tile e
} —— ~
} Ktile Ntile

28  Huawei Confidential. Ascend
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CUDAHIFJGEMM : ECUDAZIEIRAPH1IT

{88 CUDA kernel grid
} CUDA Zeis iR BEcéstati afE D AE T X

CUDA 2 F1T1HE Mtile-by-Ntile-by-Ktile 4843
£ K 4E EHITER |, FITERFR Mtile-by-Ntile-by-Ktile

for (int mb = @; mb < M; mb += Mtile)
for (int nb = @; nb < N; nb += Ntile)

for (int kb = 9; kb < K; kb += Ktile)

{ :
. compute Mtile by Ntile by Ktile GEMM :

by each CUDA thread block

29  Huawei Confidential. Ascend

b N
B matrix
€
}Kti/e
FEPERRVER ——
Ntile
K
A matrix C matrix
M
Block,,
Mtile Mtile
—— ~—
Ktile Ntile
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%2R | CUDAZIZRAFHITIE

JG2RFEIR Thread block 43 ## /9 warp-level Tiles
BXEFE A 0 B INEEIRTE R SMEM HERF
RN C D EARRY Warp £

B warp THE— MR RYRERESE

for (int kb = @; kb < K; kb += Ktile)

{
. load A and B tiles to shared memory
é for (int k = @; k < Ktile; k += warp_R) :
§ . compute warp_m by warp_n by warp_k GEMM :
} by each CUDA warp

30  Huawei Confidential. Ascend

B matrix

A matrix

C matrix

Mtile

Ktile

Ktile

Ntile

Warp, Warp, Warp,; | Warpg

Warp, Warp; Warps | Warp,

(SMEM)

Thread Block

(SMEM)

(RF)
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Warp-level RI%EF%3fe

Warps-level SREIFH11TRIRAVFEESTE

B tile (sMEM)
I8 fragment FB[% A F1 B AEEREFINEEIFF=S ~
SMEM to RF: ZUBINEERTIHE , [NIEZE A tile
. L o (SMEM)
cEEENE C IFEAIRS BTSSR woro
SMEMEEZRTF LL K HEF |, ZAEml IR
for (int k = @; k < Ktile; k += warp &) | (1 | | T~ \;
. load A tile from SMEM into registers T~
. load B tile from SMEM into registers
"= 05 tm < warp_m; thread_m) Thread Block Tile
for‘ (int tk = @; tk < warp_k; tk += thread k)
. compute thread_m by thread_n by thread_k GEMM A fragment

} by each CUDA thread

31 Huawei Confidential. Ascend
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Zi2-level : Tensor Core EH T 1T

Threads Z2FRAYFE430E
A. B, C 7B SHFes L

for (int m = @; m < thread _m; ++m)
for (int n = @; n < thread_n; ++n)

E'For‘ (int k = @; k < thread_R; ++k) :

C[m][n] += A[m][k] * B[n][k];

Fused multiply-accumulate instructions

32  Huawei Confidential. Ascend

A fragment

B fragment

g

SRR

C=AxB+C

Warp tile

Thread tile
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Zi2-level : Tensor Core EH T 1T

Threads EFRAVFEFE ——
A. B, CiEMGEMESTFE L g foad_matte_syncg
T R Warp \\\\\
| | \\\\\\\\ \\\ Sa
\\\\\ wmma: :fragment<matrix_b>[n]
for (int m = @; m < thread_m; ++m) wmma::Ioad_matrix_syr:c\(\)\\\
for (int n = @; n < thread_n; ++n) \\\ wmma::mma_sync()
-For\(lntk=@,k(thread_k,++k)
. CImIn] += A[m][K] * B[n](k]; wmma::fragment<matrix_a>[m)

Fused multiply-accumulate instructions wmma: :fragment<matrix_c>[nl{m]
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GEMMETEHSE : E—BEhH{TEiREl

|| 1 ]
S e s nann
g (O[O 0
Blocked GEMM " Thread Block Tile ~ Warp Tile Thread Tile
> > >
Global Memory Shared Memory Register File SM CUDA Cores

34 Huawei Confidential. Ascend


http://www.hiascend.com/

i

GEMMESER : WMIERFREMREHREZER

N IS S N I
= ol [ OO :
— HEEN|EEER I
u |
| |
] |
o | O O L : 2

r |

| [ ] i u | [ ]

Blocked GEMM Thread Block Tile Warp Tile Thread Tile | Read, Modify, Write

I

Global Memory Shared Memory Register File SM CUDA Cores | Epilogue Global Memory
|
|

U o

Huawei Confidential. Ascend
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WMMA ZER[o)E

wmma: :store_matrix_sync()

o o i — ——
- -~

—

SMEM "~ .

Iy |

> > >
Register File Shared Memory Register File Global Memory
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st GEMM iR/ FhasliEin

Modify

o o s e
= = o E--H [
. ” Fr_
il (O[O U LT L ]
H [ ] ||
Blocked GEMM Thread Block Tile Warp Tile Thread Tile Epilogue Epilogue
Tile Functor
Global Memory Shared Memory Register File SM CUDA Cores SMEM CUDA Cores
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