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(T ARELLIS(LEE Bit Width 2

FAITIER , FREESERAREEREI |
78 51%‘&*%}_‘_ KR,

II&5 Training: weights, activation, partial sums,
gradients and weight update.

HEIE Inference: weights, activations, partial sums

( FrEBERIEE R sEEEHREREMR )
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Figure 3: Computation graph for training the DL model in
Figure 2. Ovals represent tensors in which W stands for
weight tensor, O for In/Out tensor, and E for ephemeral ten-
sor. Rectangles are operators.” Dash lines denote weight up-
dates by SGD.
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(+ZRELLISHIES Bit Width 2

Number of unique values Precision

> e.g., M-bits to represent 2™ values

Dynamic range of values

> e.g., E-bits to scale value by 2(£~127)

Signed or unsigned values

° e.g., signed requires one extra bit(S)

SELISE © S+E+M
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T ZARELLIFUE Bit Width ?

* Floating Point(FP) allows range
to change for each value(E-bits)

* Fixed Point(Int) has fixed range

- CPU & GPU BATASEH FP32
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PRIRASIE ( B2IE bit width )
© TIF MAC BSBINFIIL |, BEOEES0R D SURR ISR TF 8

> Smaller Memory -> Lower energy
- > MAC ITERIFFEFAHT
° e.g,int8 xint8 -> intl6 ; fplé6 xfpl6 -> fp32

X3 Xz Xj X Multiplicand
Y3 ¥2 ¥1 Yo Multiplier

X3¥Yo X2Yo X1Yo XoYo
X3¥1 X2¥1 X1¥Y1 XoYi Partial Product

X3¥2 Xo¥2 X1¥Y2 Xp¥2
+ X3¥Y3 Xp¥3 X1¥Y3 XoY3

X

Result
4] 46 25 44 A3 9 4 A
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Relative Energy Cost Relative Area Cost
Operation Energy(p)) Operation Area(umA2)
8b Add 0.03 8b Add 36
|6b Add 0.05 |6b Add 67
32b Add 0.1 32b Add 127
|6b FP Add 0.4 |6b FP Add 1360
32b FP Add 0.9 32b FP Add 4184
8b Multiply 0.2 8b Multiply 282
32b Multiply 3.1 32b Multiply 3495
|6b FP Multiply .1 |6b FP Multiply 1640
32b FP Multiply 3.7 32b FP Multiply 7700
32b SRAM Read 5 32b SRAM Read N/A
32b DRAM Read 640 32b DRAM Read N/A
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hE LB HEH 8-bit HEIE & 16-bit float 1)I|ZRAY™ 53

NVIDIA

RS 910 NVIDIA A100
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Al SRZITIIREE

- Reduce number of unique values — Precision(M-bits)

> Default: Uniform quantization (values are equally spaced out)

> None-uniform quantization (spacing can be computed)

> Fewer unique values can make transforms and compression more effective
* Reduce dynamic range(E-bits)

> If Possible, fix range (used fixed point)

> Share range across group of values (weights for a layer or channel)

* Tradeoff between number of bits allocated to M-bits and E-bits

1 8 23
1 8 10

TE32 m S=1, E=8, M=7, Total bits=19
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YIF5ERISZMM Impact on Accuracy
REZEAEEGES (NLP/ICV) | AEES
AEMEIRE 7 [BRNESFHTUTE ( e.g., classification > detection )
WIS FIEIERIERALES
32bit float AJLMENE5EL; ;
XS TF)I|14x{sEF FP16, BFI6, TF32;
HEIE CV ESSLALint8 9= , NLP LA FPI6=E , KI&REY int8/FPI6 iBE ;
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PCI Express 4.0 Host Interface
GigaThread Engine with MIG Control

Memory Controller
19)100u09 Lowapy

Memory Controller
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Memory Controller
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Memory Controller
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Memory Controller
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Warp Scheduler (32 thread/clk)
Dispatch Unit (32 thread/clk)
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FP32 FP32

FP32 FP32

FP32 FP32  FPe4

FP32 FP32 FP64

TENSOR CORE

FP32 FP32 FP64
FP32 FP32 FP64
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FP32 FP32 FP64

L) LD/ LD/ WD/ LD/ LD
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SFU

INT32INT32

INT32 INT32

INT32 INT32

INT32INT32

INT32 INT32

INT32 INT32

INT32 INT32

INT32 INT32

LD Lo/
ST ST

INT32INT32

INT32INT32

INT32 INT32

INT32 INT32

INT32 INT32

INT32 INT32

INT32INT32

INT32 INT32

LD/ LD/
sT sT

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

Register File (16,384 x 32-bit)

FP32 FP32 FP64
FP32 FP32 FP64
FP32 FP32 FP64

FP32 FP32  FP64

TENSOR CORE

FP32 FP32  FP64
FP32 FP32  FPe4
FP32 FP32  FP6a

FP32 FP32 FP64

LD/ LD Lo/ LD/ LD/ LD/
ST ST ST ST ST ST

LO Instruction Cache

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

Register File (16,384 x 32-bit)

FP32 FP32  FPea
FP32 FP32  FP64
FP32 FP32  FP64

FP32 FP32 FP64

TENSOR CORE

FP32 FP32 FP64

FP32 FP32 FP64

FP32 FP32 FP64

FP32 FP32 FPG4

LD/ LD L/ LD/ LD LD/
sT sT sT sT sT sT

192KB L1 Data Cache / Shared Memory

Tex

Tex

SFU

SFU

www.hiascend.com

www.mindspore.cn



http://www.hiascend.com/
http://www.mindspore.cn/

Question®

I ZFEEARAE Ine8 BYFES 7 !

P AT AT Int8 BILLAF %L ? !

ABRIREENRIEEAEM ? EANIE ?

EHESEHERBER ! Intd RFHSIFER | BIES bit(int4/int

everything is not that simple ~

XENTRF LR , FELRANTEIRR. BHZRM. RFEREFXXXC

19 Huawei Confidential. Ascend & MindSpore


http://www.hiascend.com/
http://www.mindspore.cn/

Data Sparsity
SR I

Ascend & MindSpore


http://www.hiascend.com/
http://www.mindspore.cn/

SRR
W4 MACs it5

| bty |

0x0 &EAZE , HSRTHEATLURD MACs

OV EITE |, ATbEEIIFE

R ERRRIE

MREIM—1EEES 0, AJLUERIT BINMEWEIITE

RISHARzIE 0 EUfE

CPU/GPU/NPU XIhBH IR EF

21 Huawei Confidential. Ascend & MindSpore

FANRYT

LRI HEER AT R

™o

EE3S

JRE1H


http://www.hiascend.com/
http://www.mindspore.cn/

5|H

BUILDING A BETTER CONNECTED WORLD Ascend & MindSpore 22 frww.hiascend.com

www.mindspore.cn



http://www.hiascend.com/
http://www.mindspore.cn/

BUILDING A BETTER CONNECTED WORLD

[HANK YOU

www.hiascend.com

www.mindspore.cn



http://www.hiascend.com/
http://www.mindspore.cn/

