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CNN/NBY SR HEHFITSAEFSE
Transform/NBY{V 554 &S batch5bin Packing
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{Ktbis=

Base Concept of Quantization - E{tEA
Quantization principle - E{¢/RIE

Quantization Aware Training - XAIZE/ ( QAT )
Post-Training Quantization - JI|Z&FEM ( PTQ )

Deployment of Quantization - EZfE
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jﬁﬁg Iﬁas”;’.'é*ig APHEL] Python / GO / C++ / JS
B RERR Others

N
XIREH T ESA S
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- RSEEEE

Runtime (Compute Engine)

ALSHEERTF
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YIZRIEE

Post-Training Quantization, PTQ

Static/Dynamic
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PTQ Dynamic

tSE& = ( Post Training Quantization Dynamic, PTQ Dynamic )
(R E P E S FHITEE M FP322SBLRRETRY, INTS/ 16 258
FZErJLURMERER/N |, SAFEINEIN B ZERTRIEEI R LR —EINIENER
BEXTAEMNE , HEEFEiSHE | REISENEIVHEN D EPHaERERN

NEEMRL INTI6 =8 | IREISEAZN , WA/ NIRRT 172,
NEEMWH INT8 58 | RESESZRISIN , REIX/NARIGHY 1/4,
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PTQ Dynamic EiXifis

PTQ . [ Trained Model J—»
Dynamic
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PTQ Static

HoEm&E{t ( Post Training Quantization Static, PTQ Static )
BN EIRAREENSEIHIEEEN. FRLVELFRESRERE | mORITEEMWELHIEF.
FERGFSEMWERIREE TN |, I REPEMEENEREFSREEM A SRR o i T

EEE,

B 2B RINENLHIRF , EEEIEIREN. IEIREMTTURK , T
KNEHEFENGEZXNEMinMax, KLD, ADMM. EQFIX
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PTQ Static EiLiRiE

=
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10

PTQ Static EEiFTE
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QuantizedMatMul

Eight Bit Min | Max

Eight Bit Min | Max

QuantizedRelu

Eight Bit Min | Max

Y

Dequantize

s

-

N

Output (float)

QuantizedMatMul

Eight Bit Min | Max

' A

QuantizedRelu

Eight Bit Min | Max

A y

Dequantize

-

N

~

Output (float)
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KLENEROHEE - [RIE
KLEUERGEZBIYEXE , HEpR~ESLofh , g rdEE Lo fhEkpHIim{do o :

Pr (i)
Qq(i)

T, BREGERSXDHhSIFRELDMIVERK). BRIHMENEENE , SENHENEE
LY |, AEBEAURERES D MEENRS EMRITERT R LT,

N
PP 11Q) = ), P()=log,
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KLEXEBOEZ : iRiE

175X validationZHREE P —ab 0 BB RIVEUR(FARIELTFESE Calibration
X FRIEEHEAITFPI2AVER |, WTFE—E
Kz &Ractivationtl D E S
{FRAREIthreshold>RERL—EHENEN IS
ITREENTFHNDHSFP325HHIKL divergence , FHFHEKLER/NEYthreshold{F/IsaturationY[E{E

BAIER , BANERNTEACEHLE , HER—HESTRFENFRNE | EEREGRI K
BUERIERT ; TR K BUEESS 570 ( FP32EGE ) FIEW D mZIE ( RIS E(LENE ) ZIal.
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KL EREX : itz

*  Run FP32 inference on Calibration Dataset.
*  For each Layer:
* collect histograms of activations.
e generate many quantized distributions with different saturation thresholds.

e  pick threshold which minimizes KL divergence(ref_divergence, quant_divergence).

- EEHR/IMLEZUE (500~10005KE ) BOERRIEIRS ;
- (ERRESUESREFPIEEAIMES MHEE | FHINERGEENESE |
- FEMEERE , FTEEDE | SRIRE
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KLENEBOHE : SEIR

Input: FP32 histogram H with 2048 bins: bin[0], ..., bin[2047]

For i in range(128, 2048):
reference distribution P = [bin[0], ..., bin[i-1]]
outliers count = sum(bin[i], bin[i+1], ..., bin[2047])
reference distribution P[i-1] += outliers count
P /= sum(P)
candidate distribution Q = quantize [bin[0], ..., bin[i-1]] into 128 levels
expand candidate distribution Q to | bins
Q /= sum(Q)

divergence[i] = KL divergence(reference distribution P, candidate distribution Q)
End For

Find index m for which divergence[m] is minimal

threshold = (m+0.5) * (width of a bin)
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umfll E{CIEIEERE

NSRRI EZ B | HEIRTE () Fp32AAFPI2AL. () Fp32iAint S,
(c) int8HINint3 2 H

Input Input Input
i fp32 i fp32 int8
-TTTTTyY T T T T T B 2 \ -t - r----- \
Il \I : | ll |
| Quant [ | Quant | | |
| | | | | |
! v ints | | y int ! | v |
! Conv2D ! ! Conv2D : ! Conv2D :
| ¢ int32 i i ‘ int32 i E ‘ int32 i
|
| DeQuant : : ReQuant : : ReQuant :
|
—————— l fp2 l_ ints i ints
Output Output Output
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imfll E(CIEIEERE

INT8EIREE , EMEBEESE=MARNED , AAARNENSIREIARNDINE THZE, (F
FAINT8H TinferencelY , HTFEWBEESCHTRY , RIEUEEETEREMN , EMRRENEFRR.
FHEE P M Quantize , Dequantizef[]RequantizeZ5E3FH42(E :

int8 int8
o , T T T T T T T T D Y At |
I | (I
I l | I |

fp32) int8 int32 | | int32 I int32 : fp32
: | I :
|
Input —T>[ Quant ]0[ Conv2D ]0[ ReQuant }—p[ Conv2D ]-»[ ReQuant : : [ Conv2D ]0[ DeQuant ]—'—> Output
| : | I :
. ) e _ )
Conv2D Conv2D Conv2D
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Quantizes{¥,

float328WEE( Nint8, BRI T BN RECH , RIEENREMTEREEENEE
BYscalefoffset :

[Eéczl:ej': (xmax _ xmin)/ (Qmax _ min)

ioffset i= Q..i, — round (xmin/scale)

uint8 = round(float/scale) — offset

float = scale X (uint + offset)
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DequantizezE1t

INT8HE3fe. INERIERAINTI2IETVFE | AR N —OperationFEEfloat32FETVEIR/E/IMHIA |
N E1F Dequantize R EWIR{ERFINT3280ER E/t /Ifloat32, Dequantize REWHESITIENT :

y=x-w
— Xscale * (xint + xoffset) * Wsceale * (Wint + Woffset)
(Xscate * Wscale) * (xint + xoffset) . (Wint + Woffset)

— (xscale ) Wscale) ) (xint *Wint T XintXof fset + WintXoffset + Woffset xoffset)

(Xscate * Wscale) * (INT32result T XintXoffset T WintXoffset T Woffset xoffset)
(Xscate * Wscate) * INT32pesuir

Q

19  Huawei Confidential. Ascend


http://www.hiascend.com/

RequantizeEEE{{

INTSSENNZ[ERIERAINT2IEZZME , R T —EZEINTSISTVEUBE A |, NiEidRequa
ntize B 2WIREFEINT2HUEEEAINTS, EE(UESIIENT -

y=x'w
= Xscale * (Xint + xOffset) " Wscale (Wint + Woffset)

= (Xscate * Wscale) * (Xint + xoffset) * (Wine + Woffset)

(Xscate * Wscate) * INT32_result
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RequantizeEEE{
Hrp Y AT 1T =AY | B Y = Xnext -

Vint = Yscate * YVint T+ YOffset)

Xscale " Wscale /x

Xnext int = ( next scale) ) INTBZresult — Xnext of fset

R EEHFEEZROperationtii NinputflweightfYscale , LI F—OperationfYinputii AZERYsca
leF[Joffset,
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Question®

| A ARELEN KRS II SEFRERE R R NI ?
2. I AFEEXNINSRESHI TEWEDS ?

3. I AAER)ISMERERER ? (KRR ? )
4. M ABR I AROZ/ NZERREIEY ?
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Learning Accurate Low-Bit Deep Neural Networks with Stochastic Quantization

« Differentiable Soft Quantization: Bridging Full-Precision and Low-Bit Neural Networks ( ICCV 2019 )

» IR-Net: Forward and Backward Information Retention for Highly Accurate Binary Neural Networks ( CVPR 2020 )

« Towards Unified INT8 Training for Convolutional Neural Network ( CVPR 2020 )

» Rotation Consistent Margin Loss for Efficient Low-bit Face Recognition ( CVPR 2020 )

» DMS: Differentiable diMension Search for Binary Neural Networks ( ICLR 2020 Workshop )

o Nagel, Markus, et al. "A white paper on neural network quantization." arXiv preprint arXiv:2106.08295 (2021).

o Krishnamoorthi, Raghuraman. "Quantizing deep convolutional networks for efficient inference: A whitepaper." arXiv preprint arXiv:1806.08342 (2018)

o Gholami, A, Kim, S., Dong, Z., Yao, Z., Mahoney, M. W., & Keutzer, K. (2021). A survey of quantization methods for efficient neural network inference. arXiv preprin
t arXiv:2103.13630.

o WAu, H,, Judd, P, Zhang, X, Isaev, M., & Micikevicius, P. (2020). Integer quantization for deep learning inference: Principles and empirical evaluation. arXiv preprint arX
iv:2004.09602.

o ENEE-MEEEYELLSFEL https:/zhuanlan.zhihu.com/p/453992336
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